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Foreword 

The  Navy  Tactical  Applications  Guide  (NT AG),  Volume  6.  is  devoted 
to  regional  weather  analysis  and  forecast  applications  of  meteorological 
satellite  imagery  in  the  tropics.  Part  I  deals  with  operationally  significant 
phenomena  and  effects  in  the  tropics,  excluding  tropical  cyclones.  Part  2. 
to  be  published  at  a  later  date,  will  focus  on  tropical  cyclone  genesis  and 
evolution  in  areas  around  the  globe. 

The  volume  is  organized  into  four  regional  areas:  Tropical  Atlantic 
Ocean,  Tropical  Eastern  Pacific  Ocean  (EASTPAC),  Tropical  Western 
Pacific  Ocean  (WESTPAC),  and  Tropical  Indian  Ocean.  In  each  section, 
synoptic-scale  phenomena  are  discussed  first,  followed  by  mesoscale 
phenomena.  A  number  of  new  analysis  techniques,  never  before 
published,  appear  in  this  volume.  The  analysis  techniques  will  be  useful 
to  Navy  meteorologists  aboard  ships  operating  in  coastal  regions  or  tn 
mid-ocean  transit. 

Navy  meteorologists  in  the  tropics  may  have  the  opportunity  to 
occasionally  document  additional  important  phenomena.  It  is  desired  to 
update  the  NTAG  series  on  a  periodic  basis.  Forecasters  are  encouraged 
to  submit  their  contribution  ,  to  assist  in  this  purpose. 
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Commander.  U  S.  Navy- 
Commanding  Officer.  NEPRF 
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Introduction 

For  the  purposes  of  this  volume,  case  studies  are  presented  for  the 
major  tropical  ocean  basins  and  are  limited  to  the  region  from  30"  N  to 
30°  S.  Very  often,  extratropical  patterns  influence  tropical  weather 
events:  in  these  cases  the  salient  extratropical  patterns  are  included. 

In  the  major  oceanic  basins  of  the  Atlantic.  Pacific  and  Indian  Oceans, 
routine  surface  and  upper  air  observations  continue  to  be  limited  mostly 
to  land  areas.  Weather  satellite  data  over  the  oceans  are  very  important 
to  the  Navy  meteorologist  because  they  can  often  provide  useful 
indicators  of  low-level  and  upper-level  How  patterns.  When  this 
information  is  integrated  with  known  tropical  circulation  models, 
atmospheric  circulation  patterns  can  be  deduced  in  areas  of  limited 
routine  meteorological  data.  I  his.  however,  can  only  be  fully  realized  il 
the  meteorologist  is  well  trained  in  the  methodology  of  satellite  data 
processing,  data  analysis,  interpretation,  and  use  as  a  short-range 
forecast  aid. 

t  he  material  in  this  volume  has  been  developed  to  demonstrate  some 
of  the  more  operationally  significant  uses  of  satellite  data  in  each  of  the 
major  tropical  ocean  basins  of  the  world.  Studies  are  categorized  as 
either  synoptic-scale  or  mesoscale  depending  upon  the  phenomenon  in 
question.  However,  this  distinction  is  somewhat  arbitrary  in  that 
synoptic-scale  analysis  depends  upon  an  understanding  of  mesoscale 
features  as  indicators  of  pressure  and  How  patterns  in  three  dimensions. 
With  more  rapid  satellite  views  of  a  region,  the  fourth  dimension 
time  becomes  an  additional  factor  which  can  provide  an  understanding 
of  the  evolution  of  a  weather  system  or  feature. 

The  meteorologist  well-versed  in  the  art  of  satellite  data  interpretation 
can  very  quickly  become  confident  of  his  or  her  forecasts  even  in 
unfamiliar  areas  of  the  world.  It  is  the  purpose  of  this  volume  to  assist  in 
the  development  of  such  skills. 
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Tropical  Atlantic  Ocean 

[  ho  tropical  Atlantic  Ocean  is  dominated  by  easterly  How  positioned 
between  high-pressure  cells  in  the  Northern  and  Southern  Hemisphere 
A  convergence  of  northeasterly  flow  from  the  Northern  Hemisphere  with 
southeasterly  How  from  the  Southern  Hemisphere  often  produces  a 
cloud  band  which  can  stretch  unbroken  from  Africa  to  South  America 
(lA-la). 

The  band  tends  to  lie  closer  to  the  equator  during  winter  months  and 
becomes  centered  near  9°  N  during  the  summer. 

Perturbations  (easterly  waves)  are  observed  in  this  easterly  How 
moving  off  Africa  just  north  of  the  convergence  cloud  band,  which, 
during  summer  months  and  early  fall  frequently  develop  to  hurricane 
strength. 

Island  barrier  effects  and  land  and  sea  bree/e  effects  are  clearly  evident 
in  satellite  imagery  from  the  Canaries  and  Cape  Verde  Islands  through 
the  islands  of  the  Caribbean. 

Continental  effects  become  more  evident  near  North  America  as  cold 
surges  and  frontal  /ones  frequently  sweep  into  tropical  latitudes  during 
the  winter  season.  Squall  lines  form  and  severe  weather  with  tornado 
activ  ity  are  not  uncommon.  The  weather  satellite  offers  a  unique  tool  for 
observing  and  forecasting  the  movement  of  such  events. 


I  A- 1 


Case  1  Cloud  Pattern  Changes  in  Cold  Airflow 
over  Warmer  Oceanic  Waters 


During  winter  months  in  the  Northern  Hemisphere  cold  surges  from 
the  eastern  and  southern  shores  of  continents  are  frequently  observed 
plunging  southward  into  tropical  latitudes.  The  large  air-sea  temperature 
differences  under  such  circumstances  lead  to  strong  heat  and  moisture 
fluxes  from  the  ocean,  and  low-level  cloud  forms  develop  rapidly  in  the 
offshore  flow.  Lines  of  cumulus  generated  under  such  conditions  tend  to 
be  aligned  with  the  low-level  offshore  wind. 

As  the  cold  surge  advances  seaward  over  the  open  water,  low-level 
cellular  cloud  patterns  (open  cell  closed  cell)  develop  which  reflect  the 
curvature  (vorticity)  and  changes  in  the  curvature  of  the  flow.  Open 
cellular  cloud  patterns  tend  to  develop  in  straight  or  cyclonically  curved 
How.  closed  cellular  cloud  patterns  tend  to  develop  in  amicyclonically 
curved  (low  (see  NT  AG.  Vol.  2.  Sec.  IB). 

I  he  beginning  of  a  closed  cell  cloud  pattern  on  the  upw  ind  side  is  often 
abrupt,  coinciding  with  a  sudden  pronounced  change  in  curvature  from 
cyclonic  to  anticyclonic.  indicating  a  ridge  line  beyond  which  the  flow 
continues  to  turn  in  an  anticyclonic  fashion.  An  abrupt  beginning  may 
also  occur  w  hen  the  flow  changes  in  a  more  subtle  fashion  from  slightly 
cyclonic  to  slightly  anticyclonic.  This  occurs  along  or  near  a  line 
connecting  inflection  points  in  the  flow. 

Termination  of  the  closed  cell  pattern  on  the  downwind  side  may  be 
similarly  abrupt  and  coincide  with  a  ridge  line  w  here  flow  transitions  very 
rapidly  downstream  to  cyclonic,  or  anticyclonic  flow  suddenly  turns  to 
cyclonic,  forming  a  trough  at  the  downwind  edge  of  the  cloud  cell 
pattern. 


Gulf  of  Mexico 


/>»•<///<  ///v  Shill '  i/i  Wind  Dim  imn  from  ilwm;c\  in  Cellular  (  Untd  l‘iillern\ 
Suhlntftnal  II  eslern  Xurili  Alhnun  Unit  of  \le\nn 
I  chimin  /d’V 


10  February 

I  Ik-  DMSP  visible  image  at  I  331  (.Ml  (IH-2.il 
shows  the  tvpical  cloud  line  formations  associated 
with  a  cold  surge  into  tropical  latitudes  oil  the  I  S 
east  coast  Cloud  formation  is  inhibited  over  the  cold 
slope  waters  adjacent  to  the  coast,  but  occurs  rapidlv 
as  the  cold  surge  moves  over  the  warmer  waters  ol  the 
(iull  Stream  (see  N  I  A(i.  Yol.  2.  Sec  3 A.  C  ase  I) 

Cloud  elements  within  the  lines  became  larger 
downstream,  irnplvmg  a  deepening  ol  the  boumlarv 
laver  and  a  lilting  ol  the  low-level  inversion  due  to 
turbulent  mixing  effects  produced  bv  the  strong  Hux  ol 
heat  Irom  the  ocean  into  the  air. 

1  here  is  a  verv  abrupt  change  in  the  cellular  cloud 
pattern  along  a  line  extending  from  central  I  lorida  to 
the  east-northeast.  In  this  region  the  open-cellular 
pattern  changes  to  a  closed-cellular  pattern.  I  he 
closed-cellular  pattern  also  terminates  rather  abrupth 
along  a  line  nearlv  parallel  to  25  V 

I  he  W1C  X5()-mb  analvsis  at  1200  CM  I  1 1  B-3b). 
about  I  I  2  hr  belore  the  time  ol  the  DMSP  image, 
shows  the  pronounced  cold  air  advection  occurring 
along  the  cast  coast  Irom  Florida  to  north  ol  Maine. 
W  mds  o|  20  kt  and  higher  are  blowing  perpendicular 
to  isotherms  in  this  region,  identilvmg  the  svnopnc 
situ.ilion  as  .i  cold  surge  event.  I  he  NMC  surlace 
analvsis  ilH-v)  shows  below-liee/ing  coastal 
tcmpcialmcs  liom  Monda  to  New  York  and  below - 
zero  icmpciatuies  northward 

\  stie.imline  analvsis  ol  surlace  wind  reports, 
siipci imposed  on  the  DMNI*  image  (lB-3a».  shows 
that  the  abrupt  change  in  the  cellular  cloud  pattern 
Irom  open  cells  to  closed  cellseast-northeast  ol  central 
Florida  coincide*  with  the  line  connecting  inflection 
points  where  the  surface  flow  changes  irom  cvclomc  to 
a  lit  ic\  clonic.  On  the  other  hand,  the  abrupt 
termination  ol  closed  cells  near  25  N  coincides  with  a 
ridge  line  through  that  region  and  a  change  to  more 
cvclomc  How  downstream 

Note  the  similar,  but  more  subtle  ellect  occurring 
over  the  patch  ol  stratoeumulus  in  the  (ml!  ol  Mexico 
west  ot  the  southern  tip  ol  Florida  In  thiscase.a  ridge 
line  is  suggested  at  the  upwind  edge  ol  the  closed  cell 
pattern,  and  a  trough  along  the  downwind  edge 


Important  (  onelusions 

1  \n  abrupt  change  in  cloud  patterns  Irom  open- 
cell  to  closed-cell  m  a  region  o|  *.o)d  an  advectnui 
over  wanner,  open  oceank  regions  unlkates 
change  in  the  cuivatuic  ol  the  I  low  liom  cv  clonk 
to  anticvclomc 

2  1  roughs,  ridges  hues,  or  lines  connecting 
inflection  points  m  the  How  olleri  delme  'he 
upwind  and  or  downwind  edge  ol  the  closed  cell 
pairern 


1  B-2 
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Case  2 
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Effect  of  Coastal  Ranges  and  Shallow 
Offshore  Bathymetry  on  Rainfall 
Distribution 

I'nusually  heavy  rainfall  can  be  expected  in  tropical  coastal  regions 
under  the  follow  ing  conditions:  ( I )  a  coast  with  a  nearby  mountain  range 
that  is  exposed  to  a  persistent  trade  wind  regime,  and  (2)  a  broad,  shallow 
sea  area  located  offshore.  One  such  area  of  heavy  rainfall  is  located  along 
the  tropical  Atlantic  coast  of  Nicaragua,  in  Central  America. 


IB-5 


The  Miskito  Bank 


The  Miskito  Bank  ( I  B-7a)  is  a  shallow  water  area  with  typical  depths 
of  only  30  m  extending  to  well  over  200  km  offshore  (Murray  et  al.,  1982). 
The  absence  of  a  continental  slope  can  be  seen  in  the  more  detailed  map 
of  the  offshore  bathymetry  (IB-7b),  which  shows  depths  dropping  off 
abruptly  to  several  hundred  meters.  A  profile  across  the  West  Florida 
Shelf,  considered  to  be  extremely  low  sloping  by  North  American 
standards,  is  presented  for  comparison.  The  Miskito  Bank  is  located  in  a 
region  of  persistent  northeasterly  trade  winds. 

The  rainfall  rate  along  contiguous  Miskito  Bank  coastal  watersheds  is 
one  of  the  highest  in  the  world,  exceeding  6  m  (nearly  20  ft)  per  year  along 
the  southern  end  of  the  bank.  In  the  Rio  Escondido  Basin  (IB-7b), 
terminating  at  El  Bluff,  the  rainfall  rate  (IB-7c)  shows  a  maximum  of 
4.5  m  year-1  at  the  coast,  dropping  off  linearly  to  2  m  year1  at  the  head  of 
the  basin.  250  km  inland  (United  Nations,  1968). 

Note  that  the  coastal  plain  ( 1  B-7c)  extends  3  5  times  further  inland  in 
the  northern  and  central  parts  of  the  coast  than  at  the  southern  end  in 
Nicaragua.  Long-term  wind  data  indicate  that  the  general  large-scale 
direction  of  the  trade  wind  does  not  change  appreciably  between  Puerto 
Cabezas  and  El  Bluff,  although  the  wind  speed  is  higher  at  Puerto 
Cabezas.  Nevertheless,  annual  rainfall  at  the  Nicaragua-Costa  Rica 
border  is  more  than  twice  that  at  the  Nicaragua-Honduras  border 
(Portig.  1965  and  1972).  The  blocking  effect  of  the  mountainous 
topography  near  the  coast  in  the  southern  region  is  believed  to  be  the 
dominating  cause  for  the  increased  precipitation  at  that  location. 

Another  important  cause  for  this  unusually  heavy  rainfall  is  the 
atmospheric  convective  activity  caused  by  intensive  air-sea  interaction 
on  the  broad  and  shallow  coastal  shelf.  Regional  rainfall  data  in  Central 
America  indicate  that  a  similar,  albeit  much  smaller,  focus  on 
unexplained  intense  rainfall  off  Colon.  Panama  (e  g.,  Portig.  1972).  is 
also  associated  with  a  shallow  bank  offshore. 
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lB-7a.  Location  Map  of  Miskito  Bank. 


IB-7H.  Schematic  drawing  of  Miskito  Bank  off  the  east  coast  of  I  B-7c.  General  Topography,  major  rivers  used  in  sediment 

Nicaragua.  Inset:  Comparative  bathymetric  cross-sections  of  the  and  water  discharge  calculations  and  annual  rainfall  (mm) 

Miskito  Bank  and  West  Honda  Shelf.  (After  Murray,  et  ai.  1982.)  for  eastern  Nicaragua.  (After  Murray,  el  al..  1982.) 
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15-16  August  1976 

a  -  fair  weather  plumes 
b  -  rain  showers 
c  -  spurious  noise 
d  -  weak  disturbances 
e  -  inversion  layer 


A  Tropical  Coastal  Region  of  Unusually  Heavy  Rainfall 
Nicaragua.  Central  America 
August  1976 


15-16  August,  Fair  Weather  Conditions 

Acoustic  radar  (upward-looking)  sounding  data 
( I  B-8a )  acquired  at  El  Bluff.  Nicaragua  (Hsu.  1978). 
show  conditions  typical  of  fair  weather  convective 
activity. 

Reflections  from  temperature  gradients  and 
temperature  discontinuities  in  the  lower  atmosphere 
are  recorded  as  dark  traces  in  the  same  manner  as 
conventional  echo  sounder  charts  of  the  sea  floor 

Fair-weather  conditions  are  indicated  by  the 
“spiky"  dark  traces,  i.e..  the  thermal  roots  of 
convective  plumes,  extending  from  the  surface  to 
various  heights,  depending  upon  how  much  warmer 
the  sea  surface  is  than  the  overlying  air.  An  example  of 
fair  weather  events  is  shown  from  approximately 
0700  ESI  15  August  to  0300  t.ST  16  August. 

During  the  night  the  shallow  bank  water  cools  faster 
than  the  deeper  ocean  because  it  has  less  capacity  for 
heat  storage.  Typically,  as  night  approaches,  the 
plumes  become  smaller  and  weaker,  both  in  dimension 
and  intensity,  as  shown  after  1700  EST  15  August. 

In  tneCiOES  visible  image  at  I70()GMT(  1 100  I  S T) 
15  August  (IB-Kb).  local  convective  activity  appears 
along  the  Nicaraguan  coast,  as  suggested  by  the  fair 
weather  root  convection  depicted  on  this  date  by  the 
acoustical  sounder  data.  Note,  however,  that  more 
intense  convective  activity  is  present  over  Costa  Rica 
w  here  moist,  trade  w  md  air  is advectcd  upw ard  against 
the  C'ordellera  de  Jalamanca  (see  also  IB-7a)  An 
earlier  DMSP  view  at  1229  GM  I  (0629  ES  I :  IB-9b) 
shows  that  the  convection  in  this  region  was  quite 
intense,  although  the  coast  of  Nicaragua  shows  only 
widely  scattered  convective  activity  m  this  earlv 
morning  \  iew 

(  he  KN<K  surface  analysts  tor  1800  (i\1 1  ( IB-9a) 
shows  a  portion  of  the  equatorial  trough  over  Panama 
and  nt>rlhi:rn  South  America,  with  15  kt  easterly  trade 
winds  blowing  onshore  into  Nicaragua 

I  he  (iOES  visible  image  at  |7(X)(iMI  (1 100  I  SI) 
on  lh  August  (IH-lOa).  reveals  wide-spread  intense 
convection  over  the  mountains  of  Costa  Rica  and 
southern  Nicaragua.  Scattered  low-level  convective 
activity  continues  to  predominate  over  northern 
Nicaragua 

I  he  large  amount  of  cirrus  covering  the  area  is  not 
apparent  in  the  (iOF'S  visible  image  but  is  clearly 
depicted  in  the  simultaneous  infrared  image  ( I  B- 10b). 
Note  in  particular  the  hand  of  cirrus  cloudiness  over 
(iuatemala  and  the  Yucatan  Peninsula,  which  is 
almost  undetectable  in  the  visible  image  (IB-I0a). 
Such  cirrus,  w  hen  advectcd  over  a  continental  region, 
acts  to  impede  the  development  of  low-level 
convective  activity. 

DMSP  visible  image  at  1216  (iM  1  ( I  B- 1  la),  a  tew 
hours  earlier,  shows  that  hcavv  convection  over  Costa 
Rica  and  southern  Nicaragua  was  present  earlier  in  the 


day.  This  indicates  that  diurnal  surface  heating  and 
strong  upslope  motion  have  combined  to  produce  the 
intense  convective  activity  observed. 

The  FNOC  surface  analysis  for  1800  GMI 
16  August  (IB-1  lb)  shows  continued  easterly  trade 
wind  flow  into  the  Nicaragua  region. 

21-22  August,  Disturbed  Conditions 

The  GOES  visible  image  at  1700  GMT  (1100  EST) 
21  August  (IB- 12b)  reveals  heavy  convective 
cloudiness  extending  north  to  El  Bluff.  This  relates 
well  w  ith  the  acoustic  sounder  data  ( I B- 1 2a)  showing 
shower  activity  associated  with  a  weak  disturbance 
passage  from  about  13(H)  to  about  1800  EST  on 

21  August.  The  DMSP  visible  image  at  1258  GMT 
(0658  ESI;  IB- 13a).  shows  an  area  of  heavy 
convective  activity  approaching  El  Bluff  w  hile  Puerto 
C'abe/as  is  relatively  in  the  clear. 

The  FNOC  surface  analysis  for  1800  GMT 
(1200  EST;  IB- 1 3b)  shows  an  extension  of  the 
equatorial  trough  low  over  Central  America,  bringing 
disturbed  easterly  trade  wind  flow  into  Nicaragua. 

The  tendency  lor  heavy  showers  over  El  Bluff  and 
Costa  Rica  while  Puerto  Cabe/as  remains  relatively 
unaffected  is  evident  in  the  GOES  visible  image  on 

22  August  (IB-I3c).  which  again  shows  large 
convective  cells  restricted  to  the  southern  region 

ENOC  surface  data  lor  180(1  GMI  ( IB- 1  3d)  reveals 
a  weakening  of  ihe  equatorial  trough  low  over 
Panama;  however  easterly  trade  flow  continues  across 
Nicaragua 

Important  Conclusions 

I  I  he  exceedingly  high  rainfall  along  the  coast 
bordering  the  southern  halt  of  the  Miskiio  Bank  is 
due  to  the  enhanced  convective  activity  produced 
in  the  warm,  moist,  easterly  trade  llow.  1  he 
atmospheric  boundary  layer  of  the  trades  in 
tendered  unstable  by  its  transit  across  the  elevated 
temperatures  of  the  shallow  bank  waters,  and  the 
subsequent  lilting  of  the  unstable  air  along  the 
mountainous  terrain,  which  is  much  closer  to  the 
coast  m  the  southern  hall  of  the  Miskito  Bank 
region,  f  his  results  in  deep  convection  and  heavy 
rainfall 

2.  Similar  local  effects  can  he  anticipated  in  other 
coastal  mountain  regions  having  prevailing 
onshore  Mow  crossing  shallow  coastal  banks  in 
tropical  latitudes. 

3  Satellite  data  are  useful  in  determining 
preferential  regions  lor  convective  development. 


lH-9a.  FNOC’  Surface  Analysis.  I K(XI  (» VI I  15  August  1^76 
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21-22  August  1976 

a  -  weak  disturbance 
b  -  intense  disturbance 


IB-I2a.  Acoustic  soundings  of  the  atmospheric  boundary  layer.  El  Blulf.  Nicaragua 


IB* 1 2b  CiOES-F  Visible  Image  1700  GMT  21  August  197b 
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Case  1 


Deducing  Wind  Direction  and  Pressure 
Distribution  from  Sea  Breeze-Generated 
Cloud  Lines 

In  synoptic  flow  parallel  to  the  coast  of  a  land  mass,  wind  speed  will  he 
strongest  over  the  water  and  slowed  by  friction  over  land.  In  southerly 
How  parallel  to  a  coastline  (Northern  Hemisphere),  with  high  pressure  to 
the  east  (over  water)  and  low  pressure  to  the  west  (over  land),  the  reduced 
wind  speed  over  the  land  will  cause  winds  to  be  deflected  toward  the 
lower  pressure  (IC'-la-l).  This  will  result  in  a  local  coastal  divergence 
/one  unfavorable  for  sea  bree/e  cloud  line  development  ( Anderson  of.  al . 
1966).  With  northerly  flow  parallel  to  the  coastline  and  low  pressure  to 
the  east  and  high  pressure  to  the  west,  the  slowed  w  inds  over  the  land  are 
deflected  toward  low  pressure,  resulting  in  a  coastal  convergence  /one 
favorable  for  enhanced  sea  bree/e  cloud  line  formation  ( 1  <  - 1  a  -  2 ) 

Satellite  data  can  be  utilized  to  detect  enhanced  sea  bree/e  cloud  line 
development  and,  according  to  the  above  discussion,  wind  direction  and 
pressure  distribution  can  be  inferred. 
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Weather  Anahsis  anil  forecast  ing  W  or  Id  Meteorological  Organization,  lech  Note 
No  ’5.  WVIO-No  14(1  1 1*  46.  Secretarial  ot  the  MO.  Oeneva  Switzerland,  pp  166 


I ( '-2a.  V- 1.  DMSP  l>  l  ow  Fnhancement.  1747  GMT  14  July  1977. 
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hnham  ctl  Sea  breeze  (  It  mil  l  im  f  <  >mian<  >n 
Te\a\  imlf  (  Oum 
Jltl \  /v~ 

14  Jul> 

I  he  mid-morning  DMSp  \  i  s  i  b  I  e  niuei  .if 

1  56  (i \1  I  (1156)  s  I  .  I  (  -2.i  1 1  la eals  .in  enha ru ed  sea 
bree/e  cloud  line  stretching  liom  western  I  <>iii'Mii.i 
southward  alone  the  lexas  coast  ami  alone  IIk  east 
coast  of  Mexico 

Based  on  the  concepts  illustrated  in  t  he  mtt •  *diu  t i •  >n 
( l(  -la)  and  the  absence  ol  surface  reports  one  w .mid 
anticipate  easterlv  line.  o\ci  the  water  south  •  > t 
I  ouisiana.  turning  to  noithetK  or  northeastern  How 
alonj!  the  coast  ol  le\as  and  Mexico  Ilns  would 
iniph  lower  pressure  o\et  the  gull  and  higher  pressure 
inland  over  I  ouisiana.  lexas and  Mexico 

I  he  streamline  anaksis  based  on  available  surface 
reports,  superimposed  on  the  DMSP  intake  (  l(  -*ai 
confirm  the  interred  flow  pattern  and  pressure 
distribution  An  anticv clonic  center  is  located  inland 
over  I  ouisiana.  and  winds  are  turning  anticvclomcalk 
over  southern  lexas  and  central  Mexico  A  low 
pressure  trough  is  also  anaJv/ed  over  the  western  (mil 
ot  Mexico 

Note  that  an  enhanced  convection  sea  bree/e  cloud 
line  does  not  appear  over  the  New  Orleans  region  or 
over  the  northern  coastline  ol  the  \  ucatan  Peninsula 
where  wind  flow  is  less  favorable  lor  enhanced 
coastline  convergence 


/C  2.  5 


Case  2 


<N 


Mesoscale  Nocturnal  Jets 

Along  coastal  land  areas  which  are  relatively  flat,  cool  oceanic  air 
brought  in  behind  a  sea  breeze  front  may  be  subjected  to  further 
nighttime  radiational  cooling  and  form  a  distinct  low-level  cool  pool,  or 
mesohigh  (Hsu,  1979).  At  the  top  of  the  mesohigh  is  a  microscale 
inversion  layer  below  which  the  winds  are  nearly  calm.  When  there  is  a 
mesoscale  inversion  layer  present  at  higher  levels  at  the  same  time, 
conditions  are  favorable  for  the  formation  of  a  low-level  mesoscale  jet. 
The  jet  usually  appears  between  100  and  600  m  (between  the  inversion 
layers)  and  extends  from  about  40  50  km  onshore  to  a  few  kilometers 
offshore.  It  is  most  likely  to  occur  when  the  prevailing  geostrophic  w  ind 
is  less  than  10  12  kt  (5  6  m  sec  ')  and  blows  from  land  to  sea:  the  wind 
shear  within  the  planetary  boundary  layer  is  less  than  80°:  and  air 
temperatures  over  nearby  waters  are  at  least  9°  F  (5°  C)  warmer  than 
over  land. 
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Approx,  height  x  100  m 


Coastal  Mesoscale  Nocturnal  Jet  Formation 


Th’*  mechanism  of  formation  of  a  coastal  mesoscale  jet  system  is  a 
combination  of  Venturi  and  gravity  wind  effects  (lC-6a).  Venturi 
speedup  of  the  air  occurs  first  in  the  How  between  the  nocturnal 
microscale  inversion  over  the  mesohigh  (cold  pool)  and  the  higher-level 
mesoscale  inversion.  This  is  followed  by  a  further  increase  in  wind  speed 
as  the  air  flows  down  the  microscale  inversion  (gravity  effect).  As  the  air 
travels  down  the  slope  of  the  nocturnal  microscale  inversion,  it  is  also 
accelerated  by  a  land  to  sea  pressure  gradient  due  to  lower  pressure  over 
the  warmer  water  surface,  which  causes  the  higher  offshore  wind  speeds 
observed  in  mesoscale  nocturnal  jets. 

In  Fehruarv  1977.  upper-air  soundings  were  obtained  on  the  west  coast 
of  Florida  at  l  arpon  Springs,  in  an  effort  to  detect  a  mesoscale  nocturnal 
let.  t  he  precursor  conditions  for  jet  formation  were  satisfied  during  two 
periods:  7  If)  and  14  February  (!C-7a).  On  these  days,  high  pressure 
prevailed  over  the  area,  w  ith  light  winds  blowing  from  land  to  sea.  Jetlike 
winds  were  observed  during  the  night  and  early  morning.  Evidence  of  a 
diminished  jet  during  the  daytime  is  indicated  by  the  soundings. 


IC'-h 


Mesoscale  Nocturnal  Jet 
Florida  West  Coast 
February  1977 


9-10  February 

1  he  GOES  visible  image  at  1 700  GMT  ( 1200  1  ST) 
9  February  <  I C'-Kb )  shows  clear  skies  over  central 
Florida  and  broken,  lower-level  cloudiness  over  the 
lampa  area  It  is  apparent  in  the  corresponding 
GOES  infrared  image  ( lC'-8c)  that,  off  the  west  coast 
of  Florida,  gulf  water  temperatures  in  cloud-free  areas 
arc  cooler  (medium  tones)  than  land  temperatures 
(dark  tones)  over  Florida  in  this  midday  pass.  The 
narrow,  light-tone  band  extending  offshore  (west  of 
Tampa)  is  a  layer  of  low  clouds  obscuring  the  coastal 
waters  in  this  area.  Mean  offshore  temperatures  in  the 
gulf  adjacent  to  the  west  coast  of  Florida  for  February 
1977  were  about  68°  F  (Gulfstream,  1977)  while 
davtimc  temperatures  at  lampa  reached  as  high  as 
74"  F 

I  he  FNOC  surface  analysis  for  0600  GMT 
(0100  I. ST;  IC-8a)  shows  a  cell  of  high  pressure  over 
the  southeastern  U  S.  causing  light  offshore  flow  over 
the  west  coast  of  Florida  Hourly  observations  (not 
shown)  at  Tampa,  at  0055  1  ST.  indicate  that  the  skies 
have  cleared,  with  visibility  10  miles,  temperature 
48  F.  dew  point  36°  F.  and  northeasterly  winds  from 
040  at  10  kt. 

A  low-level  jet  was  observed  at  Tarpon  Springs, 
about  25  mi  northwest  of  Tampa  ( lC-7a),  at  0020  LST 
9  February  (0620  GM  I  10  February  ).  The  local  land- 
water  temperature  difference  had  reversed  by  this 
time  I  he  land  air  temperature  had  dropped  to 
48  F  a  lull  20 deg  colder  than  the  adjacent  coastal 
water  region  I  his  provided  ideal  conditions  for  the 
development  ot  the  mesoscale  nocturnal  jet.  The 
GOES  inlrared  image  at  this  time  ( !C-9b)  show  land 
temperatures  as  cold  as  the  adjacent  sea.  and  reveals 
that  the  heavy  cloud  cover  (bright  tones:  IC-Kc)  over 
northern  Florida  has  dissipated  by  the  time  of 
occurrence  ol  the  nocturnal  mesoscale  jet. 

I  he  regular  lampa  radiosonde  for  0000  GMT 
(  1900  I  SI .  K  -9a).  about  5  hours  prior  to  the  high 
resolution  sounding!  IC'-7a).  is  of  interest  in  that  ( 1 )  no 
evidence  ol  a  low-level  jet  could  be  deduced  from  the 
sounding,  even  it  it  had  been  present  at  this  earlier 
hour,  due  to  poor  vertical  resolution  of  normal 
K  \ORs  in  the  boundary  layer:  and  (2)  verification  of 
the  mesoscale  inversion  (l(’-7a)  suggested  near 
1.400  m  is  confirmed  by  the  sharp  inversion  shown  at 
the  8 50- mb  level  ( 1.544  m;  IC-9a). 

I  he  GOES  visible  image  at  17(H)  (i  MI  (12(H)  I  SI: 
K  -9c)  provides  additional  evidence  that  cloud  cover 
had  dissipated  over  the  tarpon  Springs  lampa  area 
during  the  previous  night,  confirming  the  0100  I  S  I 
9  February  lampa  observation  of  dear  skies 


Important  C  onclusions 

I  A  low-level,  mesoscale  nocturnal  jet  development 
over  a  coast  from  land  to  sea,  can  be  anticipated 
when: 

a  H’gh  pressure  exists  north  of  a  flat  terrain 
west-coastal  location, 
b  Skies  are  clear  at  night, 
c  l  and  temperaturedrops  during  the  night  toat 
least  9°  F  (5°  C)  lower  than  the  adjacent 
coastal  sea  temperature. 

d.  Prevailing  offshore  wind  is  less  than  10  12  kt 
(5  6  m  sec  '). 

e  Little  vertical  wind  shear  is  present  in  the 
boundary  layer. 

2.  Under  such  conditions  a  low-level,  nocturnal  jet 
may  appear  at  an  altitude  between  lOOand  600  m. 
T  his  is  low  enough  to  be  an  important  factor  in 
aircraft  landing  approaches  toward  the  east  since 
wind  speeds  may  drop  from  a  30  to  40-kt 
headwind  component  to  calm  in  only  a  few 
seconds  during  the  landing  operation. 
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K'-9a  RAOB  Tampa  Bay.  Honda.  (XXX)  GMT  10  February  1977 


9b  GOFS-F  Infrared  Image  ObOOGMI  10  February  1977  K'-9c  GOFS-E  Visible  Image  1700  GM  1  10  February  1977 


Case  3  The  “  Enhanced- V”  or  “White  Tornado” 
Squall  Line  Cloud  Formation 


There  is  a  distinctive  type  of  squall  line  which  in  satellite  visible  and 
infrared  imagery  appears  as  a  funnel  or  V-shaped  cloud  formation  laid 
on  its  side.  The  cloud  formation  is  composed  of  a  series  of  thunderstorms 
or  thunderstorm  cells  characterized  by  overshooting  tops,  many  of  w  hich 
penetrate  the  tropopause.  The  V-shape  occurs  because  strong  upper-level 
winds  are  diverted  around  the  strong  updrafts  which  form  the  core  of  the 
thunderstorm  cells  much  as  horizontal  flow  would  be  forced  around  the 
sides  of  an  upright  cyclinder  (lC-lla).  Brandli  (1976)  has  named  the 
satellite-observed  cloud  pattern  equivalent  ( 1C- 1  lb)  a  "White  Tornado." 

Development  of  such  a  cloud  formation  may  be  particularly  enhanced 
in  regions  where  the  polarand  subtropical jet,  after  converging,  suddenly 
diverge  ( IC-I  Ic).  producing  a  region  of  strong  difluence  and  divergence 
aloft,  which  encourages  vigorous,  deep  convection. 

t  his  type  of  cloud  formation  is  frequently  associated  with  tornadoes 
spawned  from  individual  thunderstorms  within  the  band.  Even  without 
tornado  tormation,  the  downbursts  induced  by  the  collapsing  tops  can 
give  rise  to  surlace  winds  of  60  kt  and  higher,  which  can  persist  for  an 
extended  time.  An  example  of  a  navy  ship  encountering  this  type  of 
squall  line  was  documented  in  NTAG.  Vol.  2,  Sec.  2D,  Case  I.  during 
which  the  crew  of  l-'SS  Mitxcher  was  forced  to  general  quarters.  In  this 
instance,  untorecast  winds  of  60  mph  with  heavy  rain  were  encountered 
as  the  ship  entered  the  cloud  band  south  of  Sicily  on  16  October  1975. 
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IC-I  la.  Hou  Past  a  Cylinder 
(  Alter  McCann.  19X1  ) 


IC-llb  White  I ornado  Cloud  f  ormation 
(After  Brandli.  I97f»  I 


IC-I  I 


IC-I  I c  Polar  Subtropical  .let  Confluence - 
Diflucnee  Pattern.  (  After  Brandli.  1976  > 


Severe  Squall  I  me  Pe\eh>pmeni 
(mil  of  \fexiio  Straits  . >t  Honda 
April  ivsn 


2*  \pril 

!  he  ( >(  >F  S-l  mm  hie  i  mane  a!  I  "MM)  (i\1l  I  1C -12a) 
shows  .in  area  of  tapered  cloudincssalongthe  extreme 
western  portion  of  the  Gulf  ot  \1e\ieo.  I  he  eloud 
tor  (nation  the  coast  alone  the  border  ot  I  exas 

and  I  ouiMana.  extends  into  Arkansas.  Oklahoma, 
anil  covets  the  northern  portion  ol  Ie\as. 

I  he  \  \H  surtaee  anaKsjs  lor  18(H)  GM  I  (1C- 12b) 
depniN  a  .old  liont  that  paiallels  the  back  side  ot  the 
tapered  cloud  turmalton.  and  then  extends  into 
eastern  lexas  western  I  outsiana  A  warm  Iront. 
isMt.t.ited  with  a  low-pressure  center  near  the  lexas 
panhandle.  is  shown  over  the  northern  lexas 
southern  Oklahoma  region 

I  he  (i()|S-l  mttaied  image  tor  the  same  time 
i  l(  -  I  'ai  reveais  •  hat  the  most  well-developed  portion 
ol  cloudiness  m  this  system  is  that  immediately 
>ui'hoie  ot  lexas.  extending  into  I  outsiana  as  a 
“white  tornado”  cloud  toimation 

I  he  \\1(  ^(H)-mb  analysis  (IC-IJb)  reveals  the 

.  haiacteristic  dilluenl  pattern  alotl  that  encourages 
especially  intense  convection  Storm  Data  11980) 
repotted  no  damage  trom  southern  lexas.  but  m 
I  ouiMana.  directly  under  the  “white  tornado.”  severe 
damage  occurred  as  root-tops,  powerlines.  and  trees 
were  downed 

2ft  \pri1 

1  he  < .Ol  S-l  visible  image  at  1700 CiM  1  ( 1C -14a) 
again  reveals  the  tapered  cloud  form  ol  a  “white 
tornado"  which  has  apparently  persisted  trom  the 
previous  day;  drilling  now  into  northern  Honda, 
southern  Alabama,  and  Georgia. 

I  he  NMC  surface  analysis  lor  1X00  (At  If IC-14b) 
reveals  a  cold  Iront  (the  eastward  progression  of  the 
Iront  previously  over  eastern  lexas;  1C- 1 2b)  now 
extending  trom  the  central  Ciult  ol  Mexico  into 
northern  F  lorida  and  northeastward  1  he  GOI  S-F 
infrared  image  (IC-l5a)  shows  very  clearly  the  cold, 
tapered  shape  ot  the  "white  tornado"  cloud  pattern 

At  J(M)-mb(  l(  -15h).  the  continued  strong dilluence 
promoting  the  strong  convection  is  clearly  evident 

Storm  Data  ( 19X0)  reports  indicate  tornado  activity 
m  Georgia  during  the  afternoon  on  this  date 


27  April 

On  this  day  a  great  sea  disaster  occurred  as  an 
unknown  number  ot  refugees  I  mm  Cuba  were  caught 
.n  a  severe  storm  while  attempting  to  reach  the  Florida 
Kevs  (Storm  Data.  1980). 


Storm  Data  (19X0)  also  reports  a  tornado  that 
crossed  Cudjoc  key.  causing  a  great  deal  ot  propci  tv 
damage  and  some  minor  miuries 


I  he  GDI  S-l  visible  image  at  I7()()GM1  (1C- 1  ha  I 
reveals  intense  convection  in  the  Straits  ot  1  lorida  and 
over  the  I* lorida  kevs  I  he  NMC  surface  analysis  tor 
1800  CiM  I  t  IC-lhhi  places  a  cold  Iront  at  the  trailing 
edge  ot  this  intense  convection  1  hunderstorms  are 
reported  bv  all  stations  on  a  line  from  Havana  to 
Miami  (see  I  N()(  surface  analysis.  IC-!7cl. 

I  he  NMC  WO-mb  analysis  at  1 200  (All  (IC-Tb) 
again  shows  the  appreciable  upper-level  dilluem  How 
over  the  convective  area. 

I  he  GOF  S-l  intrared  image  ( I C'- 1 7a )  shows 
extremely  cold  temperatures  extending  along  the 
convective  region  trom  the  western  lip  ol  Cuba  in  a 
broad  plume  covering  almost  all  ot  F  lorida.  I  he 
plume  at  this  time  does  not  have  the  classical  tapered 
shape  ot  the  “white  tornado.”  FFowever.  this  Feature  as 
we  have  seen,  has  been  tracked  in  its  classical  Form  tor 
at  least  a  two  dav  period,  and  fe  g  .  CSS  Uituher: 
N  I  AG.  Vol  2.  See  21).  (  ase  I )  it  is  not  unusual  to  see 
a  variant  ol  this  tortn.  as  intense  convection  produces  a 
high  eloud  shield  that  can  assume  a  broader  shape  and 
become  almost  circular  at  times. 

Important  Conclusions 

1  1  he  “white  tornado”  eloud  formation  is  a 
characteristic  signature  ol  an  extremely  severe 
squall  line  that  often  spawns  tornadoes  and  gives 
rise  to  hurricane-loree  winds  at  the  surface 

2  When  an  upper-level  difluent  pattern  is  apparent 
over  such  a  cloud  formation,  forecasters  should  be 
alerted  lor  possible  severe  weather  consequences 

}  I  he  “white  tornado"  eloud  formation  can  persist 
with  its  characteristic  pattern  tor  several  days. 
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1C- 15a.  GOES-E.  Infrared  Image.  1700  GMT  26  April  1980. 
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IC-l5b.  NMC  300-mb  Analysis  and  Streamlines.  1200  GMT  26  April  1980. 


Case  4  The  “White  Tornado”  Cloud  Pattern 

"White  tornado"  squall  line  formations  are  common  in  the  tropics  and 
have  produced  some  disastrous  results  in  Florida  and  the  Caribbean. 
This  is  another  example  of  a  “white  tornado"  squall  line  development 
that  was  a  contributing  factor  in  the  collapse  of  the  Tampa  Bay  Sunshine 
Skyway  Bridge,  which  resulted  in  a  number  of  deaths. 


Sever,’  Squall  line  lh\  el<  >pment 
hull  <>/  \le\i,  u  lain/hi  Bu\ 
\la\  I  vx<> 


X  Mai 

I  he  I)\tSI>  i  isihlc  itll.iL'f  .1!  IM4(|MI  iK'JD.i) 
shows  .t  “vv hili*  tornado”  cloud  tmmation  over  the 
eastern  (iult  ot  \1e\ico  h  broadens  east 
northeastward  into  a  legion  ol  intense  thuiuleistot  ms 
over  northern  Horuia.  I  he  N\1(  surface  analvsis  at 
IWHKiM  I  (H'*2lh)  indicates  a  soulhwesl-nor  theast 
oriented  cold  tront  mirth  ol  the  hneot  thutuierstoi  tns 
Along  the  Mirtace  frontal  /one  ovei  the  (iult  States 
(Honda.  I  ouisiana.  le\as),  surface  flow  ol  rnoisf 
tropical  air  is  converging  with  cold.  drv.  norther l\  .or 
front  the  central  I  S  I  he  extensive  area  of  convective 
cloudiness  in  the  moist  tropical  ait  south  til  the  tront 
over  Honda  is  clearlv  depicted  in  the  satellite  image 
(K'OOaf 

W  hat  is  unusual  about  the  “white  tornado"  cloud 
lormation  is  that  it  is  not  m  the  convergent  region  ot 
the  cold  tront.  as  in  the  piecedmg  case  studv  I  his 
suggests  th.it  some  other  tv  pc  ot  forcing  mechanism  is 
responsible  tor  the  development  of  this  storm  sv stem 

\t  ,'(M>  mb(  K  O ?ai.  the  possible  forcing  mechanism 
can  be  seen  Strong  polar  and  subtropical  jets 
converge  as  rhev  approach  I  londj  and  then  diverge 
Mmnglv 

In  addition,  the  lampa  sounding  at  l'00(i\1l 
1U--I0  iiulicates  that  conditional  rnslabilnv  is 
piesent  aloft  |  Ins  enhances  vettical  motions  mulct  the 
legion  between  the  refs  trigger  me  deep  convection 
thimdetsioiir  cell  development  and  t  tic  “white 
tot  tiado"  i  !»iud  t i'i  mation 

*  Max 

I  he  |)\1SP  v  i s ■  b a  trace  .0  1<04(.\1I  i|(  .W.r 
tcveals  ,i  "wum.  '  u nad- •"  vim.d  loimatiou  with 
intense  rhuruh  •  >n ••  ••.  ,.  i,  wnt?a:.  Honda  t  he 

\\1<  sui  t  a  >l  ana .  '  •  * .  •  •  !.'«»»( ,\1  I  /  !(  hoh.no 
the  lioiiia:  /on-  !o!V  ..i  lampa  \**iPvU  and 
Mult  net  ’  -ovv  u‘i...  'in,:  ,i  •  me  '  ? » oi.t  . .  hi'  mues  if. 

I  amp, i  Sn.mc  •  .mp  .•«!  o  t  tie 

rburnle's*..:  ••  * .  *•  •  o .  h  ..pp. •*.-./  m  i-r  :  and 
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N  •  !..  Ml'.  • "  If.  A  U*..  !»'•.  s.paai’  r.  ci-m 

: n . ! ated  #'\  "ii  <  ■  >t  ,  r  ••  !••.,,/  iff.  s  .v  fbi 

s •  * 1 1 1 1  ]  w  -si  atu!  ...  ■  t  :,h.i  •  V  saVl'  t.-  n;l4je. 

A-  S‘Hi  Mlh  .H  i.M  .  !,,!•  .w  t.Tistiv  « 1 : 1 1  lie  1 1 1 

.’’■itt'  *  '  - 1 1  ■  ■  vs »  <•  o'..  -  i,  :  f  i  "wfuti  loin. u|,.'\  join! 


blanked  out  komplclclv  We  lomUln't  see  ihv  hnde. 
We  vouUln'i  see  l ht*  buovs  We  wouldn't  mt  anvtn  nc 
It  was  .me  big  him 

\bout  I  hr  late i  at  0"  *s  I  I  >  I  the  Ml1*  It  l  .her  .an 
registeied  Summit  I  . ///no  muiiuoI  .i  pdme  >■!  in. 
Sunshine  Skvwav  Hndgc  and  .1  f  *(‘4  ft  .  flunk  .<?  m. 
southhoiiml  span  clashed  ml.*  'he  main 
Subsci|uentlv .  in  tin-  picvading  po.-i  ■  i  •. 

conditions,  a  bus  and  live  i,n s  di ove  oft  tin  damac-.  d 
budge,  and  tell  HUM  into  the  water  Niow  Ml  : 
people  aboard  the  bus.  and  I  ^  other  *  .n  the  t.iis  u  r, 
killed 

Additional  storm  damage  repoits  on  this  dab 
(Storm  |)ata.  HKO)  include  the  billowing 


.  ‘  •  VAV  :  •  :•*/  ; 


I  '•  '•'"••w  t.e  i-.i::.il!\-  I  elate  •  the  sudden 

:  .  .i .pun  n*  ot  •  >  i inindc! sf onus  assiu i.iteil  with 
"i  w  •’  ti  t..'>i,ido  pass.ic  ovei  I  ioiula 

(  in  me  !iii>i  nmc  > >t  Slav  HSO.u  OMO  |  1)1  ...slight 
iius!  tilled  the  an  "lo  lampa  Bav  I  Ills  gave  wav 
s'ltfdenfv  fo  >t  ftnmdt  fsf.o m  si.pj.iil  f/iaf  hit  the  region 
w  .Mi  tain  so  heavv  it  Was  viituallv  impossible  to  see 
I  he  wmd  be  can  blowing  at  speeds  ol  over  b5  kt  I  he 
pilot  ot  thetankei  fun  t hi  appi o.iehmg the  Sunshine 
skvwav  Budge  ovei  lampa  Bav.  stated.  “  I  he  radar 
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Tropical  Eastern  Pacific  Ocean 
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I  ropical  Pastern  Pacific  Ocean . 2A-1 

2B  Synoptic-scale  Case  Studies 
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Convergence  Zone  . 2B-I 
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April  1984 . 2B-I0 

i  L  se  of  Sunglint  in  Locating  Ridge  Lines 

in  the  Tropics . 2B-I5 

Location  of  a  Ridge  Line  in  Advance  of  a  Cold  Prom 
Tropical  Eastern  North  Pacific 

July  1979 .  2B-I8 

■4  Tropical  Developments  of  Polar  Origin . 2B-I9 

Induced  Prontal  Wave  (Vorticity  Comma)  Cyclogenesis 
iiopical  Eastern  North  Pacific 

January  1981  . 2B-20 


2C  Mesoscale  Case  Studies 

/  l  se  of  Cloud  Lines  anil  Mesoscale  (.  tear  Regions 


as  an  Aid  in  Synoptic  Analysis . . 2C-I 

Identification  of  an  Easterly  Wave 
Central  I  Topical  North  Pacific 

November  1977  .  2C-2 

2  Identification  of  Island- Produced  Cloud  Plumes  . 2C-5 

Deep  Convection  Cirrus  Debris- 

Mistaken  as  an  Island-Produced  Cloud  Plume 

Hawaiian  Islands 

June  1975  .  2C-b 


2 A- la.  (i()FS-W. 
Visible  Image. 
2045  (.Ml' 

25  Januarv  1978. 


Tropical  Eastern  Pacific  Ocean 


1  ike  the  Atlantic  the  tropical  eastern  Pacific  Ocean  is  dominated  hy 
easterly  flow  between  high  pressure  cells  in  the  Northern  and  Southern 
Hemispheres.  Convergence  o|  flow  trom  the  two  hemispheres  similarly 
produces  a  cloud  band  near  5  10  \  stretching  westward  trom  S«mth 

\menca  past  Christmas  Island  across  the  Pacific 

Perturbations,  similarly  lorm  north  ol  the  convergence  cloud  band 
However,  the  easterly  wave  lorm.  typical  in  the  Atlantic,  is  only  raielv 
seen  and.  more  commonly,  the  perturbation  forms  in  a  monsoonal 
trough  with  westerlies,  rather  than  easterlies,  south  ot  the  circulation  and 
vortieity  center. 

Interactions  ot  midlatitude  westerly  troughs  and  the  tropical 
convergence  cloud  band  is  more  frequent  in  the  Pacific  and  a  nniior  cause 
of  intense  storm  development  which  brings  significant  and  often 
unexpected  heavy  rain  to  the  southwestern  I  S  (»A-la>. 

Upper-cold  low  development  is  also  common,  especially  during  winter 
in  the  eastern  North  Pacific.  Such  storms  arc  often  detectable  in  then 
early  stages  only  through  satellite  observations  showing  a  few  cvclome 
wisps  of  cirrus  curving  about  an  upper-level  center 

In  Hawaii,  such  storms  (known  as  "Kona”  storm>i.  when  lulls 
developed,  are  a  major  source  of  the  total  annual  precipitation  received 
by  the  islands. 

Through  a  careful  analysis  of  high  resolution  and  properly  enhanced 
satellite  imagery,  the  Navy  meteorologist  can  be  attuned  t«>  subtle  but 
important  changes  affecting  weather  developments  in  this  region 
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Case  l  The  Central  Pacific 

Near-Equatorial  Convergence  Zone 

The  central  Pacific  near-equatorial  convergence  /one  (CZ)  lies  north 
of  the  equator  throughout  the  year.  On  an  average  it  mov  es  betw  een  4  N 
in  spring  (April)  and  8°  N  in  autumn  (September).  The  movement  is  in 
response  to  variations  in  the  strength  of  the  northeast  and  southeast  trade 
w  inds.  1  hese  w  inds  converge  north  of  the  equator  forming  the  CZ  axis 

The  CZ  overlies  the  North  Equatorial  Countercurrent  which  flows 
eastward  counter  to  the  northeast  trades.  Sea  surface  temperature  (SS  I ) 
is  highest  in  this  region,  lying  between  a  /one  of  equatorial  upwcllingand 
upwelling  near  10  N  ( 2 B- la). 

On  an  average  the  CZ  in  the  North  Pacific  is  found  along  6  V 
According  to  Elohn  (1967  and  1971)  this  results  from  the  Southern 
Hemisphere's  greater  tropospheric  baroclinicity  due  to  more  extensive 
ice  sheets. 

Support  for  the  idea  that  the  central  Pacific  CZ  stays  north  of  the 
equator  comes  from  the  finding  (  I  reshnikov.  1967;  Walsh  and  Johnson. 
1979)  that  the  ratio  of  the  areas  of  Arctic  and  Antarctic  ice  sheets  and  the 
C'Z  latitude  vary  in  phase  throughout  the  year  ( 2B- 1  b).  The  figure  also 
shows  ’hat  the  variation  in  latitude  of  the  CZ.  is  in  phase  with  the 
v  ariation  in  latitude  of  the  SS  I  maximum  and  the  ratio  of  the  strength  of 
the  northeast  and  southeast  trades. 


'H-la  Schematic  meridional  section 
shouini!  location  ol  I  quatorial  Counter  Current 
I  Alter  Rarnage.  PJKI  ) 
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2 B- 1  h  l  atitudes  ot  surface  wind  convergence  zone 
axis;  sea  surface  temperature  maximum;  trade  wind 
strength  ratio  (North  Pacific  South  Pacific):  and 
ice  area  ratio  (Arctic  Antarctic)  (  After  Ramage. 
[Wl  ) 
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Although  the  North  Pacific  CZ  never  moves  into  the  Southern 
Hemisphere,  in  March  and  April-  when  the  North  Pacific  trades  are 
relatively  strongest  and  the  Arctic  ice  sheet  relatively  largest  not  only  is 
the  CZ  closest  to  the  equator  but  a  secondary  convergence  /one 
frequently  appears  as  a  cloudiness  maximum  along  about  5°  S 
(Kornfield  el  al..  1967;  Sadler.  1968;  and  Sadler  el  al..  1976).  I  he 
GOF-S-E  visible  image  (2B-2a)  shows  an  example  of  a  secondary 
convergence  /one  south  of  the  equator  over  the  eastern  South  Pacific  on 
10  March  1979. 

Small  pressure  gradients,  sparse  data,  and  observational  errors  make  it 
difficult  to  document  details  of  the  pressure  field,  the  w  ind  field,  and  CZ 
cloudiness  on  any  given  date.  However,  when  climatological  data 
showing  seasonal  extremes  of  equatorial  trough  location  for  January  and 
July  are  compared  to  mean  monthly  cloudiness  (derived  from  satellite 
data  over  a  10-year  period;  Sadler  el  al..  1984)  for  these  same  months 
(2B-3a  and  3b),  a  tendency  is  shown  for  the  trough  to  lie  south  of  the  CZ 
cloudiness  during  January  and  north  of  the  CZ  cloudiness  during  July 

Satellite  imagery  can  be  used  to  test  this  hypothesis,  through  sunglmt 
analysis  (NTAG  Vol.  1.  Sec.  2).  Trough  axes,  similar  to  ridge  axes,  arc 
also  axes  of  minimum  wind  speed.  Hence,  more  intense  sunglint  should 
be  detected  from  the  location  of  the  equatorial  trough  than  further  north 
or  south,  where  wind  speeds  are  stronger. 
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2B-.lb.  Mean  monthly  tropical  cloudiness  for  July  (dashed  line:  near-equatorial  trough).  (AP.’r  Sadler.  1984  ) 
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l  ocation  of  the  Equatorial  Trough  l  sing  Sunglint 
Equatorial  Central  Pacific 
March  1979.  July  19X4.  and  December  1977 


March  1979 

1  he  CiOf-S-W  visible  image  at  2145  GM  I  on 
2()  March  (2B-4a)  shows  brilliant  sunglint  along  the 
equator  at  140  \V.  CZ  cloud  in  ess  appears  to  the  north 
between  latitudes  5  and  10  V  An  ENOC  surface 
analysis  and  wind  field,  valid  a  little  over  2  hr  later 
(2B-4H).  verifies  lower  pressures  and  a  trough  axis 
south  of  the  CZ  cloudiness. 

July  19X4 

By  way  ot  contrast,  the  GOES-W  visible  image  at 
2045  ( i  VI I  on  10  July  (2B-5a)  shows  brilliant  sunglint 
north  ot  the  CZ  cloudiness,  near  12'  N.  134  W.  1  he 
I  NOC'  surface  analy  sis  and  wind  field  about  2  hr  later 
(2B-5h).  verifies  a  trough  axis  north  of  the  CZ 
cloudiness,  with  a  low  center  of  1010.4  mb  almost 
precisely  overlying  the  sunglint  position. 

I  he  change  in  the  location  of  the  trough  axis  (as  the 
seasons  change)  front  the  south  side  to  the  north  side 
ot  the  CZ  cloud  areas  creates  more  favorable 
conditions  tor  increased  cyclonic  vorticity  on  the 
north  side  due  to  horizontal  speed  shear  (strong 
northeast  trades  decreasing  to  near  calm  at  the  trough 
axis).  For  this  reason  cloud  vortices  develop  more 
frequently  during  the  summer  period  on  the  north  side 
ol  CZ  cloudiness.  C  onversely,  cloud  vortices  are  rarely 
observed  along  the  CZ  cloudiness  edge  (northern  or 
southern)  during  winter  months.  Their  development 
on  the  south  side  of  the  CZ.  it  may  be  argued,  would 
tend  to  be  inhibited  by  opposing  forces  of  the 
southeast  trades. 

December  1977 

The  GOES-W  visible  image  at  2045  GMT  on 
9  December  (2B-6a)  shows  a  “classical**  C'Z  in  the 
equatorial  North  Pacific.  On  this  day  a  research 
aircraft  traversed  the  region  and  CZ  cloud  bands  were 
observed  between  8°  and  5°  N.  The  bands  extended 
from  135c  to  175°  W.  beneath  an  overcast  of  middle 
and  high  clouds,  bordered  by  uniform  northeast  and 
southeast  trades. 

Within  the  CZ  moist  updrafts  coincided  with 
convergence  and  rain.  Downdrafts  were  dry  and 
associated  with  divergence  and  no  rain.  There  was  a 
broad  maximum  in  SST  in  the  CZ.  At  1 1°  N  very  dry- 
air  was  found  above  a  moderate  inversion  at  2,600  m 
Beneath,  air  was  moist  and  contained  strong  easterly 
flow.  At  0.5°  S  air  was  moist  throughout  the  aircraft 
vertical  sounding  (to  3,200  m).  Winds  were  weak, 
being  southeasterly  below  1,400  m  and  southwesterly 
above.  Fanning  Island  (3.8°  N,  159.3°  W).  just  south 
of  the  CZ.  recorded  no  rain  and  light  variable  winds  on 
9  December.  D-values.  adjusted  for  diurnal  pressure 
variation,  were  applied  to  eight  flights  through  the  CZ 
from  1 3  to  22  December.  The  values  were  averaged 
and  then  the  mean  for  the  flight  was  subtracted.  The 
data  revealed  falling  pressure  reaching  minimum 
values  in  a  broad  trough  near  the  equator  south  of  CZ 
cloudiness.  The  FNOC  surface  analysis  and  wind  field 
(2B-6b).  valid  shortly  after  the  time  of  the  GOES-W 
data,  shows  the  location  of  the  equatorial  trough. 


\  DMSP  visible  image  ol  the  region  (2B-7a)  about 
1  hr  alter  the  GOES-W  image,  provides  a  high 
resolution  v  lew  between  Hawaii  and  Christmas  Island 
I  he  image  indicates  that  banning  Island  (northwest  of 
Christmas  Island)  is.  indeed,  south  ot  the  heavy 
convection  associated  with  the  CZ.  but  is  obscured  h\ 
cirrus  or  middle  cloud  elements. 

I  he  streamline  analysis  (2B-7b)  indicates 
northeasterly  trades  to  the  north  of  the  CZ.  while  the 
report  at  Christmas  Island,  south  ot  the  CZ.  reveals 
southeasterly  How  at  15  kt.  A  streamline  trough  is 
apparent  extending  from  near  the  Equator  and 
164  W  southeastward  toward  a  tropical  cyclone  in  the 
Southern  Hemisphere  ( E.C.  Tessa;  near  17  S. 
137  W;  2B-6a). 

The  research  aircraft  flights  demonstrated  that  the 
C'Z  somewhat  resembles  an  orographic  phenomenon 
I  he  lifting  of  boundary-layer  air  between  the 
convergent  trade  wind  flows  is  necessary  but  not 
sufficient  for  significant  rain;  middle  and  upper 
tropospheric  effects  arc  also  important. 

I  he  most  conservative  property  of  the  CZ  is  its 
latitude,  which  varies  little  from  day  to  day.  However, 
weather  in  the  zone  fluctuates  greatly.  If  satellite 
pictures  are  used  to  classify  CZ  intensity  as  weak, 
moderate,  or  strong,  then  at  a  particular  longitude  the 
same  category  persists  from  one  day  to  the  next  less 
than  one  third  of  the  time,  while  simultaneous 
intensities  at  points  10  deg  longitude  apart  are 
apparently  unrelated. 

Important  Conclusions 

I  The  equatorial  trough  is  generally  located  north 
of  the  C'Z  during  the  Northern  Hemisphere 
summer  and  south  of  the  CZ  during  Northern 
Hemisphere  winter. 

2.  Sunglint  data  from  polar  orbiting  and 
geostationary  satellites  can  be  very  helpful  in 
locating  the  latitudinal  position  of  the  equatorial 
trough. 
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2B-5b.  FNOC  Surface  Analysis  and  Wind  Field.  0000  GMT  1 1  July  1984. 
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2B-7b.  F-l.  DMSP  LF  Low  Enhancement.  2144  GMT  9  December  1977. 
Surface  Reports  (0000  GMT  10  December)  and  Streamlines. 


Case  2  Identification  of  Planetary  Boundary  Layer 
Height  Changes  from  Satellite  Imagery 

In  the  eastern  sector  of  semi-permanent  anticyclones,  such  as  oif  the 
west  coast  of  North  America,  a  marked  increase  in  the  height  of  the 
planetary  boundary  layer  is  often  associated  with  the  passage  of  a  ridge 
line.  The  eastern  sector  of  these  anticyclones  is  generally  covered  by 
open-  and  closed-cell  stratocumulus.  Observations  indicate  that  the 
stratocumulus  cloud  element  size  in  these  cellular  cloud  patterns  is 
related  to  the  boundary  layer  height— it  is  highest  where  the 
stratocumulus  cloud  element  size  is  largest.  This  relationship  can  be  used 
to  identify  ridge  lines  in  the  low-level  flow  field.  The  ridge  line  is  located 
where  the  cloud  elements  in  the  cellular  patterns  change  abruptly  in 
size— from  small  cloud  elements  to  large  cloud  elements. 

Such  abrupt  changes  in  boundary  layer  height  (which  are  always 
capped  by  an  inversion),  profoundly  effect  radio  and  radar  propagation. 
For  this  reason  identification  of  areas  where  boundary  layer  height 
changes  occur  is  of  great  significance  to  Navy  tactical  operations. 
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Ridge  Line  Passage 
Guadalupe  Island,  Mexico 
Tropical  Eastern  North  Pacific 
April  1984 


26  April 

The  DMSP  infrared  image  at  1327  GMT  (2B-10a) 
shows  the  eastern  North  Pacific  in  the  region  off 
southern  California  and  the  Baja  Peninsula.  The 
image  is  enhanced  to  emphasize  contrast  at  the  warm 
end  of  the  DMSP-sensed  temperatures  so  that  clouds 
only  slightly  cooler  than  the  sea  appear  white.  Note 
that  large  cloud  cells  appear  in  the  northern  2  3  of  the 
image,  while  much  smaller  cloud  elements  dominate 
the  lower  1,3.  Smaller  cloud  lines  are  interspersed 
among  the  cellular  cloud  patterns,  and  in  the  northern 
portion,  tend  to  define  northwesterly  flow  which  turns 
to  northeasterly  flow  in  the  bottom  1  3  of  the  image. 

The  streamline  analysis  (2B-1  la)  superimposed  on 
the  DMSP  image  is  based  on  surface  observations  and 
cloud  lines.  It  can  be  seen  that  a  ridge  line  is  defined  by 
the  streamlines  along  approximately  30°  N.  The  ridge 
line  coincides  with  the  transition  region  where  cloud 
elements  change  from  large  to  small  sizes. 

Guadalupe  Island,  near  30°  N.  121°  W,  is 
perturbing  the  low-level  flow  and  gravity  waves  are 
observed  extending  southeastward  to  the  Baja 
Peninsula.  These  waves,  which  require  a  strong  low- 
level  inversion  for  formation,  are  aligned  at  a  sharp 
angle  from  the  surface  How.  Winds  therefore  back 
w  ith  height  indicating  strong  cold  air  advection,  which 
is  obviously  occurring  in  this  example.  A  cloud  line 
also  extends  to  the  south-southeast  in  the  iee  of 
Guadalupe  Island  as  a  result  of  the  perturbed  flow 
below  the  inversion. 

Sounding  data  from  Guadalupe  Island  at 
0000  GMT  on  26  April  (2B-I2b)  show  a  pronounced 
inversion  with  base  at  700  m.  Surface  temperature  is 
17  C  and  temperature  at  the  base  of  the  inversion 
X.2  C.  The  computed  l  ifting  Condensation  l.cvd 
(ICI)  is  946  mb.  Note  that  the  FNOC  surface  analysis 
(2B-12a)  shows  the  ridge  line  to  the  north  of 
Guadalupe  Island. 

Iwenty-lour  hours  later,  the  ridge  line  has  passed 
Guadalupe  Island  (2B-!3a).  and  the  sounding 
(2B-13b)  shows  a  pronounced  deepening  of  the 
boundarv  layer.  Irom  700  to  1.500  m.  Surface 
temperature  cooled  from  17  to  15.9"  C.  and  the 
temperature  at  the  base  ol  the  inversion  cooled  from 
X.2  to  1.4  C.  I  he  I. Cl.  increased  from  946  to  X4 1  mb. 

I  hese  effects  illustrate  the  pronounced  change  in  the 
height  of  the  marine  planetary  boundary  layer 
resulting  from  the  passage  of  a  ridge  line  under 
conditions  of  cold  air  advection. 
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2H-I2a.  I  NOE  Surface  Analysis.  ()()(>U  <iM  I  26  April  1984 
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2B-I2b-  RAOB  Guadalupe  Island.  Mexico  0000  GMT  26  April  1984. 
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2B  1 3a  FNOC  Surface  Analysis.  0000  GMT  27  April  1984. 


2B- 1 3h.  RAOB  Guadalupe  Island.  Mexico.  0000  GMT  27  April  19X4 


Case  3  Use  of  Sunglint  in  Locating 
Ridge  Lines  in  the  Tropics 

During  .luh.  the  mean  sea-level  pressure  distribution  over  the  North 
*' .eitie  and  the  North  Atlantic  ( 2 B- 1 5a )  shows  that  the  center  of  mid¬ 
latitude  surface  highs  and  associated  ridge  lines  are  generally  located 
between  30  and  45'  N 

Occasionally,  however,  mid-latitude  surface  anticyclones  are 
displaced  well  to  the  south  of  their  normal  position  by  troughs,  fronts,  or 
shear  lines  extending  into  tropical  latitudes.  Conventional  data  over 
oceanic  regions  in  the  tropics  are  often  very  sparse,  so  that  locating  ridge 
lines  in  the  anticyclones  is  difficult.  Satellite  visible  imagery  from  polar- 
orbiting  spacecraft  often  reveal  sunglint  effects  that  permit  identification 
and  precise  location  of  ridge  lines  in  the  anticyclones. 
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Location  of  a  Ridge  Line  in  Advance 
of  a  Cold  f  ront 
Tropical  Eastern  Xorth  Pacific 
July  IV79 

9  Jul\ 

The  MROS-X  visible  image  al  2331  GM  f  <2H-!6al 
shows  a  cold  frontal  cloud  band  extending  from  the 
West  Coast  southwestward  toward  the  Hawaiian 
Islands  Notice  that  the  frontal  cloud  band  is  the 
boundary  between  the  distinct  stralocumulus  cloud 
field  to  the  north  of  the  front  and  the  cloud-free  /one 
immediately  to  the  south.  In  the  cloud-free  /one.  a 
sunglint  pattern  is  evident  which  shows  linear  dark 
areas  from  near  28  N.  130  W  to  25.5  N.  137  W 
Ihe  dark  areas  imply  calm  seas  which  result  from  a 
w  ind  speed  minimum  along  the  ridge  line  in  advance  of 
the  frontal  band. 
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In  the  eastern  North  Pacific,  ridge  lines  are 
commonly  found  about  I  to  4  deg  in  advance  of  frontal 
cloud  bands,  and  they  tend  to  be  aligned  parallel  to  the 
frontal  bands  over  long  distances.  Ihe  absence  of 
cloudiness,  just  south  of  the  frontal  band,  from  the 
West  Coast  to  the  extreme  western  edge  of  the 
IIROS-N  image  suggests  a  narrow  /one  of  high 
pressure  extending  through  the  region. 

I  he  I  NOC  surface  analysis  at  0000  (i MT  on  10  July 
l2B-)7a>.  shortly  after  the  time  of  the  TIROS-N 
image,  confirms  the  presence  of  a  high-pressure  area 
over  the  tropical  eastern  North  Pacific  with  a  ridge 
extending  to  the  West  Coast.  The  location  of  the  axis 
of  the  dark  areas  in  the  sunglint  pattern  is 
superimposed  on  the  analysis  note  that  it  passes 
through  the  central  portion  of  the  high-pressure  area. 

\  close  examination  ol  cloud  lines  south  ol  the  ridge 
line,  nisi  north  ol  the  I  JCX  cloudiness  (2B- 1  ha  I.  shows 
the  narrow  spacing  and  streaked  appearance  tv  pica!  of 
cloud  line  development  in  moderate!}  strong  flow  of 
I  ^  2<)  kt  Wind  speeds  decrease  marked!}  south  ol  the 
region  I  his  provides  the  shearing  effect  favoring 
vortex  development  within  the  1 1  CZ  I  his  tvpe  of 
development  appears  to  be  in  progress,  nidging  from 
curvature  effects  in  cloudiness  over  the  region 

Important  (  onclusions 

I  Clear  regions  m  advance  of  frontal  cloud  hands  in 
the  eastern  North  Pacific  are  normal!}  associated 
with  ridge  line  axes  running  through  the  central 
portion  of  the  region 

2.  SungJini  effects  can  he  used  to  substantiate  the 
exact  location  of  the  ridge  line  in  the  segment 
where  it  occurs 
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Case  4  Tropical  Developments  of  Polar  Origin 

An  important  family  of  storms  which  affect  the  eastern  North  Pacific 
and  the  West  Coast  during  winter  and  spring  are  upper  tropospheric 
cyclones  characterized  by  tracks  from  the  southwest  or  south.  These 
tropical/ sub-tropical  upper-level  systems  are  unique  from  typical  mid¬ 
latitude  cyclones  because  they  move  into  southern  California  from  the 
south  or  southwest,  contain  large  amounts  of  precipitable  water 
extracted  from  the  tropics,  have  maximum  intensity  near  200  mb.  and 
often  have  heavy  showers  near  the  low  center. 

Numerical  prognosis  and  synoptic  identification  of  these  systems  are 
generally  poor  since  a  combination  of  insufficient  data  for  initialization 
(with  the  exception  of  satellite  winds)  and  inability  to  forecast 
precipitation  location  and  amount  accompany  these  disturbances  which 
tap  and  collect  abundant  tropical  moisture  and  transport  it  northward  to 
mid-latitudes. 

The  origin  of  these  sub-tropical  tropical  upper  lows  can  be  either  low 
or  mid-latitude,  but  they  usually  display  features  characteristic  of 
tropical  weather.  Normally  most  intense  systems  originate  in  mid¬ 
latitudes  with  polar  influences,  penetrate  equatorward.  attain  tropical 
characteristics,  then  swing  northeast  over  southern  California. 
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2B-20b.  FNOC  Surface  Analysis  and  Wind  Field.  1200  GMT  8  January  1981. 


Induced  Frontal  Wave  (Fortuity  Comma)  Cyclogenesis 
Tropical  Eastern  North  Pacific 
January  1981 


8  January 

The  GOES-W  image  at  1215  GMT  (2B-20a)  reveals 
a  cold  frontal  band  extending  f  rom  near  the  Hawaiian 
Islands  to  the  Pacific  Coast  of  North  America,  with  a 
cloud  vortex  located  near  45n  N.  140'  W.  A  vorticity 
comma  cloud  A  is  evident  in  the  cold  air  behind  the 
front.  The  comma  cloud  shows  no  perturbation  in  the 
surface  analysis  and  wind  field  (2B-20b)  which 
indicates  ridging  in  the  region.  At  500  mb(2B-2lb).  the 
comma  cloud  is  located  in  a  broad  westerly  current, 
and  at  200  mb  (2B-2la)  the  wind  field  shows  that  the 
comma  system  is  in  advance  of  a  westerly  (jet) 
windspeed  maximum  (UK)  kt). 

9  January 

Approximately  12  hours  later,  the  GOF.S-W  image 
at  2345  GMT  (2B-22a)  reveals  that  the  vorticity 
comma  cloud  has  merged  with  the  southern  end  of  the 
frontal  /one.  Such  a  merger  usually  induces  frontal 
wave  cydogenesis.  Evidence  that  this  is  occurring  is 
the  anticyclonieally  turning  cirrostratus  shield  which 
obscures  much  of  the  frontal  band  to  the  north.  The 
developing  cloud  vortex  will  emerge  from  the  west 
edge  of  this  shield  (see  NT  AG,  Vol.  4.  Part  I.  Sec.  2). 

The  FNOC  surface  analysis  and  wind  field  ( 2B-22b) 
shows  a  sharp  but  weak  trough  development 
associated  with  the  frontal  wave  B.  The  disturbance  B 
is  located  in  a  cold  trough  at  the  500-mb  level  (2B-23b). 
The  FNOC  200-mb  wind  field  and  superimposed 
streamline  analysis  (2B-23a)  is  especially  interesting  in 
that  it  reveals  a  sharp  upper-level  trough  on  the  west 
side  of  the  frontal  wave  cloud  pattern  with  difluent 
winds  and  a  divergence  asymptote  overlying  the  wave 
development.  Such  a  configuration  is  strongly 
favorable  for  rapid  intensification  of  the  system.  Note 
that  jet-force  winds  are  largely  west  of  the  trough  axis. 

By  1215  GMT,  intensification  is  obvious  in  the 
GOF.S-W  image  (2B-24a)  which  reveals  an  emerged 
comma-shaped  cloud  defining  the  system  B,  and 
suggesting  a  center  near  24°  N,  134°  W.  Note  that  the 
system  has  tracked  over  10  deg  to  the  southeast  from 
the  initial  view  (2B-20a).  24  hr  earlier. 

The  FNOC  surface  analysis  and  wind  field  (2B-24b) 
shows  a  low-pressure  center  and  weak  trough 
associated  with  the  developing  storm  B.  At  the  500-mb 
level  (2B-25b),  the  developing  storm  appears  at  the 
base  of  a  trough.  A  streamline  analysis  of  the  wind 
field  at  the  200-mb  level  (2B-25a)  continues  to  show 
difluence  in  advance  of  a  trough  over  the 
disturbance  a  continuing  favorahle  pattern  for 
intensification.  Jet-force  winds  remain  west  of  the 
trough  axis 

10  January 

By  1215  GM  l.  a  well-defined  cyclonic  cloud 
signature  (’  is  evident  on  (i()I  S-W  image  (2B-26a) 
Moderate  development  has  taken  place  as  indicated  by 
increased  solid-appearing  cirrus  cloudiness  and 
increased  cloud  curvature  around  the  upper  low 

The  FNOC  surface  analysis  and  wind  field  at 


1200  GMT  (2B-26b)  shows  that  the  disturbance  is 
located  in  a  broad  low-pressure  region  having  dual 
centers  south  of  the  disturbance  as  revealed  by  the 
satellite  data.  Note  that,  unlike  mid-latitude 
disturbances,  easterly  winds  are  apparent  both  to  the 
north  and  south  of  the  storm  center,  similar  to  a 
tropical  development. 

At  500  mb  (2B-27b).  a  low-pressure  center  (  is 
located  to  the  northwest  of  the  developing  surface 
disturbance  (2B-26b)  a  location  favorable  for  the 
lurther  intensification  of  the  storm. 

Ihe  FNOC'  200-mb  analysis  with  superimposed 
streamlines  (2B-27a)  shows  that  the  system  is  ideally 
positioned  in  the  positive  vorticity  advection  region  in 
advance  of  the  upper-level  trough,  where  further 
intensification  is  optimized,  as  jet-force  winds  have 
rotated  around  the  trough  axis  to  the  east  side.  Note 
also  pronounced  speed  divergence  from  the  trough  to 
the  ridge  downstream  from  the  storm  which  could  add 
to  the  intensification  potential. 

Continued  on  page  2B-2X 
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-B-22H  f  N(K  Surface  Analysis  and  Wind  F  ield  (KHM)  GMI  9  January  19X1 
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2B-24H  FNOC  Surface  Analysis  and  Wind  Field.  1200  GMT  9  January  1981. 
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1 1  January 

1  he  low  (  aitameil  maximum  intensity  at  about 
1,215  (iMI  t2B-2s*i)  Accompany  mg  the  upper-level 
cyclone  were  deep  middle  aiul  high  clouds.  light  rain, 
and  embedded  eumulommhi  Connection  ot  the  cloud 
svsfem  to  moisture  from  the  equatorial  convergence 
/one  ((./)  is  apparent.  Unlike  a  tv  pica!  Iiontal  cloud 
system.  heavy  ram  thunderstorms  ate  conceutiated 
near  the  upper-level  circulation  center.  I  his  is  a 
common  feature  of  these  systems.  (  umuionunhus 
clouds  develop  primarily  as  a  result  ol  cold  uppei 
tropospheric  temperatures  which  produce  unstable 
lapse  rates.  !  hunderstornis  near  the  low  center  are  an 
excellent  satellite  identifier  ot  the  low  center. 

I  he  I  N(K  surface  analysis  and  w ind  field  i  2B-28h) 
reveals  the  characteristic  light  winds  surrounding  the 
center  ot  tins  upper-level  disturbance  Note  that  the 
man  sensible  weather  events  are  occurring  hundreds 
ol  miles  from  this  center  Without  satellite  data  to 
reveal  the  location  ot  the  main  cloudiness  surrounding 
the  s\stem.  it  would  he  impossible  to  know  when  and 
where  the  major  weather  events  would  occur 

It  is  interesting  to  note  that,  according  todata  on  the 
surlaee  analysis  (2B-2Kb).  the  large  spual  hand 
extending  southwestward  toward  the  equatorial  <  /  is 
not  associated  with  a  convergence  asymptote  at  low 
levels.  Such  a  leature  is  a  normal  expectation.  It  is 
possible  that  the  surlaee  analysis  under-estimates  the 
existence  of  westerly  winds  south  and  southeast  of  the 
low  ccntct.  A  slight  adjustment  to  permit  this  would 
result  m  a  convergence  asvmptote  near  115  W. 
coriesponding  to  the  location  ol  the  spiral  hand. 

I  he  UNOC  500  mb  analysis  (2B-29h)  reveals  the 
co/d-corc,  upper-fevef  low  well  oil  shore  at  its  peak 
intensity.  The  low  also  appears  strongly  as  a  cut-oil 
leature  at  the  200-mb  level  (2B-29a).  Note  the  sharp 
anticyclonic  turning  of  the  w  inds  at  this  level  over  the 
main  cloud  shield  aid  the  pronounced  speed 
divergence  which  encouuges  upward  vertical  motion 
in  the  rain  band. 

12-13  January 

I  he  storm  (  weakened  and  moved  inland  during 
this  period  as  shown  hv  GOES-W  imagery  (2B-29c 
and  29d).  At  this  time  the  connection  of  the  storm  as  a 
cirrus  and  mid-’  el  cloud  extension  from  the  CZ  v  s 
broken.  This  appears  to  be  a  key  satellite  indicator  of 
weakening  and  or  transformation  of  t'ie  disturbance 
into  a  mid-U.titude  system.  This  normally  coincides 
with  movement  of  the  jet  core  through  the  north- 
no'thcast  sector  of  the  low  and  subsequently  out  of  the 
l  if  eolation. 

\  review  of  the  trajectory  of  the. storm  center  reveals 
» li.it  it  moved  southeastward  from  8  10  January 
i?R  22a.  24a.  and  26a)  and  then  turned  abruptly 
northeastward  from  II  1 3  January  (2B-28a,  29c.  and 
'‘Mr  to  provide  a  “surprise"  rainstorm  to  southern 
<  o'tomia  and  the  southwestern  United  States. 

•  ha  nee  in  direction  of  movement  of  the  storm 
■  id'-d  with  a  movement  of  the  upper-level  jet  core 

•  •?,.  west  side  of  the  system  around  the  trough  axis 

■.•'•■ode  I  his  is  m  conformance  to  the  rule  that 

-  -  d  m»*ve  south  (north)  while  a  jet  core  is  on 

*  i-t'  il.,nk  * »f  an  upper  low 


Important  (  (inclusions 

1  Satellite  imageiv  is  a  kev  tool  lot  ids  lit il ic.it ion 
and  loicca.ts  ot  upper  level  disturbances  ovei 
data  void  regions  of  the  eastern  North  Pacitii. 

2  Satellite  observation  and  identification  of  upper 
level  mid-lat  tiufc  voiticitics  in  an  important  clue 
that  cqualorward  wave  energy  propagation  and 
tropical  uppei-fow  formation  may  lake  place 

3  Ihe-existmg  upper  cyclones  south  ot  25  N  serve 
as  indicators  of  existing  equatorial  upper 
westerlies  wnhm  which  systems  may  develop 

4  Increasing  high  cloud  amount  and  cloud 
curvature  are  good  lirst  indicators  ol  upper-low 
intensification. 

5  I  hunderstorm  cluster  location  is  ,i  usetul  method 
of  pm-pointing  the  U»w  center 

h  I'xistence  ot  .i  citrus  cloud  band  emanating  from 
tropical  convection  northeastward  is  .i  good 
indicator  of  iet  stream  motion  I  lorn  t  he  southwest 
to  the  noithcast  sectors  of  the  low.  concurrent 
rapid  development,  and  change  in  direction  from 
the  southeast  to  the  northeast 

(  ut -ot I  ol  ihccuiuscituid  hand  from  the  tropics  is 
a  sign  of  upper  low  weakening  and  or 
transfoi mation  ol  the  low  trom  a  tropical  to  a 
mid-latitude  disturbance 


Case  1  Use  of  Cloud  Lines  and  Mesoscale  Clear 
Regions  as  an  Aid  in  Synoptic  Analysis 

When  surface  winds  in  the  tropics  are  1 5  kt  or  greater,  stronger  aloft, 
and  show  vertical  speed  shear  but  not  directional  shear  in  the  lower 
layers,  cloud  line  formation  is  normally  induced.  A  close  look  at  cloud 
line  structure  over  a  region  will  reveal  a  tendency  for  cloud  lines  to 
“branch"  in  a  Y-shaped  formation  with  the  top  of  the  Y  facing  in  the 
downstream  direction.  This  aids  in  resolving  the  180°  wind  direction 
ambiguity. 

Another  mesoscale  effect  is  the  tendency  for  an  extremely  well-defined 
clear  “slot"  to  be  formed  in  advance  of  the  leading  edge  of  cloudiness  of 
an  easterly  wave.  The  clear  slot,  normally  oriented  in  a  north-south 
direction,  defines  the  location  of  a  sharp  ridge  line  which  moves  with  and 
is  part  of  the  easterly  wave  structure  and  general  dynamics.  In  well- 
developed  examples  an  upper-level  trough  normally  overlies  the  position 
of  the  ridge  and  an  upper-level  anticyclone  overlies  convective  cloudiness 
of  the  easterly  wave  (Fett.  1966). 

The  enhanced  convection  and  tendency  for  curved  vortical  cloud  lines 
surrounding  the  wave  make  identification  of  this  system  fairly  easy. 

Together  these  small-scale  effects  can  be  used  to  great  advantage  as 
guide  lines  in  obtaining  an  improved  synoptic  analysis. 


Reference 

f  ett.  Robert.  W  .  1966:  l'ppcr-le\el  structure  ol  the  formative  tropical  cyclone  \1on 
Hea  Rev  .  94<1).  9  IS 
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3  November 

!  |u.  pMSI’  visible  i  III  .ice  (21 ’-2a  I  reveal'  a  u  K’L‘ 
carictt  i'l  cloud  Hums  ranging  Iroin  suppressed 
straiocumulus  under  presinnabfv  high  pressure 
conditions  to  the  north,  to  deep  convection  associated 
with  disturbances  and  probable  lower  pressure  near 
27  N.  1 7 K  W  and  10  N.  I?7  sv 

A  f  ield  ol  cloud  lines  oriented  northwest-southeast 

lead  up  to  the  northernmost  disturbed  area,  while 
curving  cloud  lines  tend  to  define  a  vortical  structure 
surrounding  the  southernmost  disturbance. 

I  he  island  of  Hawaii  is  located  near  the  east  central 
portion  of  the  image,  and  banning  Island  can  he 
identified  in  a  sunglint  region  in  the  bottom  central 
portion  I  hesc  two  geographical  features  permit  a  vert 
accurate  gridding  ol  the  enure  image 

l  ast-northeasterlv  How  can  he  deduced  passing  the 
island  ol  Hawaii  hv  the  existence  ol  lee  cloud  lines 
extending  over  5(H)  n  mi  to  the  west-southwest 
Southeastern  How  is  implied  bt  cloud  lines  extending 
up  to  the  northernmost  disunited  region  A  close 
examination  ol  the  cloud  line  Held  reveals  the 
characteristic  "V-shaped”  blanching  ol  some  cloud 
elements  with  the  V  branch  open  m  the  downstream 
direction  these  two  How  Helds  intplv  a  ridge  line  neat 
the  leading  edge  ol  the  southern  disturbance  I  he  cleat 
slot  on  the  leading  edge  ot  this  disturbance  suggests 
that  tilts  would  he  a  logical  position  lot  I  he  ridge  line 
since  this  is  a  characteristic  leature  ot  westward 
mosing  tropical  disturbances 

Surlace  teports  and  a  streamline  an.tlvsts  h.tscrl  on 
these  reports  and  the  satellite  indications, 
superimposed  on  the  satellite  image  1 21  -hit.  cotilirm 
the  flow  pattern  suggested  bv  the  cloud  Hums  and 
structure  appearing  on  the  satellite  imageiv  t>m 
could  leel  ipmc  coni  idem  about  this  analvsis  despite 
the  lack  ol  sin  lace  teports.  almost  enttrelt  absent 
bcWn*  20  N 
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Case  2  Identification  of  Island- Produced 
Cloud  Plumes 

Cloud  plumes  extending  to  the  lee  of  islands  have  proven  to  be  very 
reliable  indicators  of  the  low-level  wind  direction  (see  NTAG  Vol.  I. 
Sec.  2C'). 

Additional  lee  and  corner  atmospheric  and  sea  state  changes  induced 
by  trade-wind  flow  over  island  barriers  under  low-level  temperatures 
inversion  conditions  have  been  documented  through  research  aircraft 
flights  and  successfultv  simulated  bv  numerical  models  (Fett  and  Burk. 
1981). 

In  every  previous  example  (NTAG  Series)  the  cloud  plume  shown  to 
the  lee  of  an  island  was  identified  as  a  low-level  phenomenon.  In  this 
example,  an  apparent  cirrus  cloud  plume  is  mistakenly  identified  as 
island-produced. 


Kitmnn 

hetl.  R  W  .  and  S  1)  Burk.  [9X1  Island  Barrier  t  Metis  as  Observed  bv  satellite  and 
Instrumented  Aireraft  and  Simulated  bv  a  Numerical  Model  Mon  M  eu  Kf  i  .  109<7t. 
1527  1541 
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Deep  Convection  Cirrus  Debris 
Mistaken  as  an  Island-Produced 
Cloud  Plume 
Hawaiian  Islands 
June  1975 

24  June 

The  DMSP  visible  image  <2C-6a>  is  an  enlargement 
of  the  region  surrounding  the  island  of  Hawaii.  I  he 
lelt  hand  border  of  this  image  was  the  actual  border  of 
non-enlarged  data  obtained  on  this  pass. 

It  is  of  great  interest  to  note  the  light  gray  cloud 
plume  leading  from  the  lee  of  the  island  to  the  west 
r  his  cloud  plume  is  aligned  perfectly  w  ith  the  general 
direction  ol  low-level  cloud  lines  suggesting  an  east- 
southeasterlv  flow  direction  past  the  island. 

I  he  uniform  "smokey"  structure  of  this  cloud  plume 
is  not  usually  observed  Normally  cloud  lines  or 
plumes  in  the  lee  of  Hawaii  arc  highly  reflective  and 
obviously  low-level  in  nature  (see  NT  AG  Vol  I 
Sec.  2C\  Case  5) 

AH  MSP  infrared  image  (2C-7a)  was  also  available 
at  the  same  time  ar  the  visible  image.  The  infrared 
image  reveals  that  the  cloud  plume  is  verv  cold  (white 
tones  cold  temperatures)  suggesting  a  conform 
structure.  I  his  is  also  suggested  by  the  characteristic 
|™™rsc  banding  apparent  along  the  plume  in  the 
DMSP  visible  image  (2C-6a). 


An  apparent  logical  conclusion  would  bethat  this  is 
a  rare  example  of  an  upper-level  cirrus  plume 
generated  by  a  lifting  action  ol  moist,  high-level  air  as 
it  moved  over  the  island  barrier.  I  he  expectation 
would  be  for  sounding  data  to  reveal  moist,  high-level 
air  in  strong  easterly  How. 


Sounding  data  at  Hilo  (2C-Ka)  reveal  verv  moist, 
upper-level  conditions  from  9.070  to  10  910  m  CKO  to 
2M\  mb)  at  0000  OM  1  on  24  June,  which  seems'to  In 
the  possibility  of  cirrus  clouds  perfectly. 
Unfortunately  the  winds  near  this  level  are  from  the 
directum  they  are  blowing  eastward 
0  k,)  rather  than  westward!  At  0000  (i  Ml  „„ 
-?  June,  about  b  hr  after  the  time  of  DMSP  imagerv 
moist  conditions  (2C-8b)  are  similarly  implied  at 
about  9.710  m  <275  mb)  However,  winds  near  this 
level,  again,  arc  strong  northwesterly  (W  kt). 
obviously  from  the  wrong  direction  to  produce  a  cirrus 
cloud  plume  west  ol  the  island. 


he  discrepancy  is  resolved  through  a  mosaic  ol  the 
IK  image  on  this  date,  over  the  island,  with  the  image 

from  the  adimning  pass  to  the  west  (2l-9a>  I  he 
mosaic  reveals  that  the  cloud  plume  me.  Hawaii 
emanated  from  cloudiness  spawned  front  deep 
convective  activity  southwes.  of  Hawaii  and  advected 

over  Hawaii  in  wcstcrlv  flow  I  he  location  ol  the  citrus 
plume  in  I  he  lee  of  Hawaii  was  due  to  the  advective 
process  fortuitously  superimposed  over  the  island  ol 
Hawaii,  creating  the  appearance  of  a  Ice  cloud 
formation  due  to  easterly  tlow  aloft 
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Tropical  Western  Pacific  Ocean 


3A  Introduction 

Tropica!  Western  Pacific  Ocean . 'VI 

3B  Synoptic-scale  Case  Studies 

/  Cold  Surges  Associated  with  the  H inter  Monsoon  'H  I 

Development  of  a  Cold  Surge 
South  China  Sea 

December  1974 .  t|l4 

-  Mesoscale  l  se  of  Cloud  l  ines  ami  Anomalous 

dray  Shades  in  the  Tropii  s  .... .  !BV 

Identification  of  a  Weak  Cvclomc  Circulation 
Tropical  Central  Pacific 

June  1974  .  <B-> 

3  Tropical  Air  Tog .  'H-'l 

Tropical  Air  hog 
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4  Cse  of  Convergence  Hands  in  the  Tropu  s 
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locating  the  Surface  I  rough  line 
in  a  Weak  tropical  Disturbance 
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5  l  se  <>l  Sunglint  in  Determining  the  Position 

of  the  Southern  equatorial  (Monsoon)  I  rough  >B  41 

Idcntilicalion  ol  the  Monsoon  I  rough 
tropical  Southwest  Pacific 
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3C  Mesoscale  Case  Studies 

I  (  loud  Line  Configurations  in  the  Lee  of  Islands 

l  nder  loss  -level  Inversion  Conditions  H  I 

Island  lee  Cloud  formation  Cndei  Staticallv  I  nstablc 
I  ow-level  Conditions 
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•  Streamline  Analssis  (  sing  the  Buffer  /one 
and  Monsoon  Trough  (fun  c/us  and  Satellite 

Imagers  Interpretation  .  U 

locating  a  Buller  /one  and  Monsoon  I  tough  Axes 
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Tropical  Western  Pacific  Ocean 

The  tropical  western  Pacific  Ocean  north  of  the  equator  is 
characterized  by  easterly  to  northeasterly  flow  in  winter  turning  to 
northwesterly  flow  in  a  buffer  zone  near  the  equator.  The  active 
streamline  trough  area  at  this  time  lies  in  the  Southern  Hemisphere  near 
15°  S,  passing  just  south  of  New  Guinea  and  over  northern  Australia. 
Strong  northeast  monsoon  conditions  exist  over  the  region  from  Taiwan 
to  the  South  China  Sea.  The  pattern  reverses  in  summer  west  of  1 50°  E  as 
southeasterly  flow  from  the  Southern  Hemisphere  crosses  the  equator 
and  turns  in  a  buffer  region  to  southwesterly  flow  which  converges  in  a 
monsoonal  trough  passing  through  the  Philippines  and  into  the  South 
China  Sea.  East  of  150°  E  easterly  flow  predominates. 

Unlike  the  tropical  Atlantic  Ocean,  tropical  cyclone  activity  is  evident 
on  both  sides  of  the  equator  and  sometimes  simultaneously. 

The  Navy  meteorologist  can  use  many  weather  satellite  techniques  in 
this  region  to  significantly  improve  analysis  and  short-range  forecast 
capabilities.  Included  in  this  section  are  discussions  of  some  of  those 
techniques  including  meaning  and  interpretation  of  anomalous  gray 
shades;  use  of  cloud  lines  or  streets  to  determine  flow  direction;  sunglint 
interpretation;  and  island  barrier  effects.  The  Japanese  GMS  view  of  the 
region  (3  A-  la),  in  a  winter  situation,  shows  a  frontal  penetration  into  the 
South  China  Sea  and  an  active  cloud  convergence  zone  in  the  Southern 
Hemisphere  with  a  tropical  cyclone  near  the  Solomon  Islands. 


3A-la.  GMS. 
Visible  Image. 
0233  GMT 
15  February  1979. 
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Case  1  Cold  Surges  Associated 

with  the  Winter  Monsoon 

With  the  onset  of  the  Northern  Hemisphere  winter,  intense  surface 
high  pressure  develops  over  the  East  Asia  continental  region  south  of 
Lake  Baikal  (3B-la).  The  dominating  characteristics  of  this  anticyclone 
are  quite  evident. 

The  anticyclone  is  sustained  and  intensified  by  strong  radiational 
cooling  over  the  frozen  land  mass  and  by  consistent  cold  air  advection. 
Outflow  from  the  anticyclone  provides  strong,  steady,  northeasterly 
monsoon  winds  along  the  east  Asian  coast,  and  across  the  South  China 
Sea.  The  influence  of  the  winds  extends  through  the  area  of  the  maritime 
continent,  which  consists  of  the  Indonesian  and  Malaysian  Islands 
(Houze  era/.,  1981a).  The  occurrences  of  cold  air  outbreaks 
accompanied  by  increased  northeasterly  winds  and  the  weather 
associated  with  them  are  referred  to  as  cold  surges. 

In  general,  a  cold  surge  in  the  East  Asia  region  may  be  detected  by  the 
occurrence  of  either  a  sharp  drop  in  surface  temperature;  a  minimum 
temperature  notably  below  the  seasonal  average;  a  strengthening  of  the 
northerly  winds;  or  any  combination  of  these  events  (Changer  at..  1979). 
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The  vast  amounts  of  heat  energy  transferred  from  the  ocean  to  the 
atmosphere  during  convection  associated  with  cold  surges  make  this  one 
of  the  major  energy  sources  of  the  winter  atmosphere.  The  winter 
monsoon  itself  may  be  viewed  as  •  Hadley  cell  circulation  with  combined 
Walker  cells  in  the  equatorial  regions,  as  depicted  in  the  schematic 
(3B-2a)  which  shows  the  stages  of  Hadley  and  Walker  cell  development 
during  a  cold  surge  event.  The  Hadley  circulation  consists  of  lower 
tropospheric  northeasteriy  flow;  a  strong  heat  source  and  ascending 
motion  in  the  equatorial  trough  region  near  the  north  Borneo  coast;  and 
a  strong  heat  sink  and  descending  motion  in  the  Hast  Asia-North  China 
region. 

The  Walker  cells  develop  to  the  east  and  west  of  the  equatorial  zone  of 
ascent  (3B-2a).  Convective  cloudiness  forms  in  the  equatorial  ascending 
region.  Outflow  aloft  diverges  east  and  west  as  part  of  the  Walker  cell 
circulation  with  main  areas  of  descent  in  the  equatorial  Central  Pacific 


3B-2a.  Schematic  diagrams 
showing  the  effect 
of  a  cold  surge  passage 
on  the  Hadley  and  Walker 
circulations.  Intensities 
of  jet  streams  represented 
by  relative  lengths 
and  intensities  of  circulations 
by  relative  width. 

(After  Chang  eial..  1979.) 


3B-2 


J 


and  along  the  east  coast  of  Africa.  The  enhanced  upper-level  poleward 
flow  of  the  Hadley  cell  results  in  a  strengthening  of  the  East  Asia  jet 
stream  located  over  Japan.  On  the  other  hand,  as  convective  cloudiness 
develops,  as  a  result  of  a  cold  surge,  the  Walker  cell  circulation  is 
strengthened  resulting  in  a  decrease  of  jet  stream  intensity  at  lower 
latitudes  to  the  west.  After  the  surge  passes,  convection  in  the  maritime 
continent  will  increase  thereby  sustaining  the  circulation.  The  strong 
convection,  however,  will  only  last  about  one  day  following  the  surge 
passage.  From  the  above  considerations  it  can  be  seen  that  although  cold 
surges  are  initiated  in  the  northern  mid-latitudes  they  may  influence  a 
large  equatorial  region  and  the  large-scale  motions  occurring  in  that 
region. 


Cold  Surge  Effects 

Cold  surge  effects  can  often  be  deduced  from  satellite  data  through 
noting  a  sudden  increase  in  convective  activity  over  Vietnam.  This  occurs 
because  of  frictional  convergence  due  to  increased  low-level  onshore 
flow. 

At  the  furthest  extremity  of  the  cold  surge  in  its  southward  progression 
(near  Borneo),  other  studies  (Houzeet  al.,  1981;and  Johnson.  1982)  have 
shown  an  increase  in  offshore  land  breeze  cloudiness  due  to  increased 
convergence  with  the  strong  northeasterly  flow.  Chang  e!  at.  (1979), 
found  that  the  surge  will  continue  equatorward  unless  interaction  with  a 
synoptic-scale  disturbance  at  lower  latitudes  occurs  When  this  happens 
the  cold  surge  acts  to  intensify  deep  convection  due  to  convergence  of  the 
strong  northeasterly  flow  and  easterly  trades.  The  strong  convection  will 
later  dissipate  as  the  northeasterly  flow  weakens  or  as  cold  air  advection, 
which  lags  the  wind  increase,  stabilizes  the  area. 


Forecast  Techniques 

Cold  surges  are  associated  with  the  approach  of  an  upper-level  trough 
over  northern  Japan.  One  technique  used  in  forecasting  a  cold  surge  is 
that  a  surge  can  be  expected  within  one  or  two  days  when  the  500-mb 
winds  over  Lake  Baikal  are  northwesterly  (suggesting  a  trough 
approaching  Japan),  and  the  500-mb  temperatures  are  below  -30°  C  at 
40°  N.  Riehl  (1968)  offered  another  rule  indicating  that  when  a  pressure 
difference  of  >10  mb  occurs  between  30°  N.  1 15°  E  and  Hong  Kong,  a 
cold  surge  would  begin  in  48  hours. 


Reference* 

Chang.  (  I*  .  J  K  Erickson,  and  K  M  1  au.  I Northeastcrlv  cold  surges  and  near 
equatorial  disturbances  over  the  Winter  Moncx  Area  during  December  IV'?4  Part  I. 
Synoptic  Aspects  Mon  H'va  Hew.  107.  XI 2  X29 

Haurwit,.  B  .  and  J  M  Austin.  1944  (  hntatoiogi  McGraw-Hill  Book  Co  ,  Inc  New 
York.  410  pp 

Hou/C,  R  A  .  S  (i  (icotis.  K  D  Marks.  Jr  .  and  A  K  West.  l9Xla  W  inter  Monsoon 
convection  in  the  vicinity  ol  North  Borneo  Part  I  Structure  and  time  variation  «>l  the 
clouds  wind  precipitation  \hm  H ea  Rev  .  109.  1595  IM4 

Johnson.  R  H  .  19X2  Vertical  motion  m  near-equatorial  winter  monsoon  convection  ./ 
Meteoml  .So<  Japan.  60.  6X2  6X9 

Riehl.  H  .  196X  Surlace  winds  over  the  South  China  Sea  during  the  northeast  monsoon 
season  Navy  Weather  Research  facility  lech  Pap  No  22-6X.  24  pp 


3B-3 


Development  of  a  CoUl  Surge 
South  China  Sea 
December  IV74 


3  December 

1 'he  NMC  Mirtacc  analysis  at  0000  CiM  l  (3B-4H) 
shows  a  1064- mb  high  over  Asia,  southwest  ot  l  ake 
Baikal  Strong  northerly  surface  winds  up  to  30  kt  are 
reported  in  the  eastern  portion  of  the  high,  west  o! 
Korea.  Winds  are  notably  light  and  variable  in  the 
South  China  Sea. 

A  stationary  front  is  analyzed  nearly  parallel  to  the 
southeast  coast  of  China,  through  Hong  Kong.  The 
front  extends  east-northeastward  over  f  aiwan.  where 
it  becomes  an  active  cold  frontal  system  associated 
with  a  1000-mb  low  east  ot  Japan.  A  more  detailed 
analysis  (Chang  flat.  1979)  showed  that  the  front 
moved  past  Hong  Kong  by  0300GM  i 

I  he  surface  pressure  dilference  between  30  V 
1(5  f  and  Hong  Kong  is  about  12  mb.  which 
according  to  Riehl\  (196K)  criteria,  suggests  a  cold 
surge  into  the  South  China  Sea  within  4X  hours. 

Note  that  wind  reports  are  already  suggesting  a  cold 
air  outbreak  flowing  into  the  Sea  of  Japan  and  the 
Yellow  Sea  I  his  i>  also  strongly  indicated  on  the 
N MC  K$0-mh analysis which  shows  isotherms 
perpendicular  lo  isnplcths  in  that  region. 

At  500  mb  (3B-5b).  northwesterly  flow  is  shown 
over  I  ake  Baikal  with  a  trough  approaching  Japan. 
I  he  30  C  isotherm  is  very  close  to  40  N  but  has  not 
passed  south  ot  it  over  China  to  indicate  an  imminent 
cold  surge  event  A  blocking  situation  seems  to  he 
suggested  near  160  1  with  a  ridge  line  extending  to  a 
high  pressure  center  near  65  N.  |7()  f  I  he  effect  of 
such  a  block  would  tend  to  encourage  cold  surge  flow 
over  an  extended  period. 

At  200  mb  (3B-5a).  a  UO-kt  jet  streak  is  shown 
crossing  over  North  Korea  and  the  northern  island  of 
Japan. 

The  NOAA-J  visible  image  mosaic  at  about 
0300  GMT  (3B-6a)  reveals  overcast  cloudiness  north 
of  the  stationary  front  (JB-4b)  extending  deep  into 
China  and  over  the  western  Pacific  south  of  Japan. 
Note  the  sudden  termination  of  cloudiness  to  the  west 
between  roughly  22c  to  33°  \.  and  I0l,;  to  106°  t. 
This  is  the  precise  boundary  where  the  terrain  rises 
abruptly,  giving  way  to  the  mountains  of  Tibet  and 
high  terrain  of  provinces  to  the  north. 

Very  little  cloudiness  is  apparent  over  Vietnam  and 
the  South  China  Sea  except  for  convective  clusters 
along  the  equatorial  convergence  zone  (CZ). 

the  DMSP  infrared  image  at  1509 GM  T  (3B-7a) 
reveals  the  typical  cloud  line  development  that  occurs 
when  frigid  air  Bows  over  much  warmer  water  in  the 
coastal  region  of  the  Soviet  Union  northeast  of  Korea. 
The  isotach  analysis  shows  that  winds  over  the  water 
are  much  stronger  than  over  the  land.  This  should  be 
anticipated  not  only  because  of  less  friction  over  water 
but  also  as  a  result  of  the  violent  mixing  process  that 
occurs  during  a  cold  air  outbreak  which  brings 
stronger  winds  from  aloft  down  to  the  surface  layers. 

JB-4 


4  December 

The  NMC  surface  analysis  at  0000  GMT  (3B-XH) 
shows  the  beginning  of  the  cold  frontal  penetration 
into  the  South  China  Sea.  The  1016-mb  isobar  now 
lies  close  to  Hong  Kong  indicating  a  pressure  rise  of 
about  5  mb  over  the  past  24  hr  in  response  to  the  cold 
surge  event.  I  he  light  southerly  winds  apparent  in  the 
anticyclonic  flow  over  the  South  China  Sea  on  the 
previous  analysis  (3B-4b)  have  now  given  way  to 
nonheasterlies.  apparently  as  a  result  ot  the 
anticyclone's  southward  shift. 

f  he  NMC  X50-mb  analysis  (3B-Ka)  now  shows  cold 
air  adveetion  at  this  level  extending  oft  shore  ot  China 
and  into  the  South  China  Sea. 

At  500  mb  (3B-9b),  the  short-wave  trough  appears 
to  have  moved  over  the  Yellow  Sea  while  the  low- 
pressure  center  at  50c  N,  142°  F  has  moved  eastward  a 
few  degrees.  This  maintains  the  northerly  flow  over 
I  ake  Baikal  The  -30  C  isotherm  has  now  moved 
south  of  40°  N  in  a  segment  over  the  Sea  of  Japan, 
fulfilling  the  criteria  for  a  cold  surge  event  in  the  South 
China  Sea  within  48  hr.  (Riehl's  criterion,  however, 
had  predicted  this  24  hr  earlier.)  The  Omega  block 
near  1 60"  F  persists  and  is  undoubtedly  responsible 
for  the  relatively  slow  movement  of  the  major  low- 
pressure  system  north  of  Japan. 

The  NMC  200-mb  analysis  (3B-9a)  shows  a 
cyclomcalfy  turning  130  kt  fet  streak  circling  the 
elongated  low-pressure  system  north  of  Japan. 

The  NOAA-3  visible  image  mosaic  at  about 
0300 CiM  l  (3H-i0a>  shows  cloudiness  advancing 
slightly  further  into  the  South  China  Sea  and  it 
appears  more  solid,  possibly  containing  shower 
activity. 

The  DMSP  visible  image  acquired  at  0030 GMT 
(3B-lla).  shows  that  heavy  overcast  cloudiness  has 
advanced  southward  to  about  20°  N.  Strong  surface 
winds  (30  kt)  associated  with  the  surge  over  the  open 
water  are  observed  just  north  of  Luzon  (Philippines). 

A  streamline  showing  the  flow  of  cold  air  moving 
over  the  Yellow  Sea  to  the  South  China  Sea,  where  a 
merger  with  normal  northeast  monsoon  flow  occurs,  is 
quite  revealing.  Note  that  higher  wind  speeds  in  the 
surge  region  over  the  water  are  2  3  times  as  strong  as 
over  land.  This  again  is  chiefly  attributable  to  the 
strong  mixing  occurring  over  the  water,  bringing 
strong  winds  from  aloft  to  the  sea  surface. 

The  land  breeze  cloud  line  extending  offshore  *.  c 
southern  Vietnam  is  indicative  of  light  synoptic-flow 
conditions  and  indicates  that  the  surge  has  not  vet 
reached  this  region. 


C  ontinued  on  page  3B-I3 
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'B-lla  ETV-29  DMSP  I  E  l  ow  Enhancement  0030  GMT  4  December  1974  Surface  Reports  (0000  GMT)  and  Streamlines. 
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5  December 

The  NMC  surface  analysis  at  0000  GMT  (3B-I2b) 
shows  that  the  1012-mb  isobar,  which  had  been  over 
Hong  Kong  on  3  December  has  moved  southward  to 
southern  Vietnam.  Cumulus  congestus  reported  at  sea 
and  along  the  coast  of  Vietnam  indicates  that  the  surge 
has  reached  the  region.  Temperatures  and  dew  points, 
however,  show  little  change  over  that  shown  on  the 
analysis  of  3  December  (3B-4b),  prior  to  the  surge. 
This  finding  is  consistent  with  that  of  Chang  etal. 
(1979),  who  concluded  that  a  freshening  of  the 
northeast  monsoon  flow  due  to  the  cold  surge  precedes 
a  temperature  decrease  over  the  same  region.  They 
indicate  that  such  a  decrease,  “if  it  occurs,  is  confined 
to  the  western  portion  of  the  South  China  Sea."  Due  to 
air/sea  interaction,  the  air  further  east,  having  a  tong 
over-water  trajectory,  is  modified  too  much  to  show  a 
large  temperature/dew  point  difference. 

The  NMC  850-mb  analysis  (3B-12a)  shows  little 
further  evidence  of  cold  air  advection  into  the  South 
China  Sea,  with  the  15°  C  isotherm  only  slightly 
further  south  of  the  position  shown  24  hr  earlier 
(3B-8a). 

The  NMC  500-mb  analysis  (3 B-  13b)  continues  to 
show  the  Omega  block  near  160°  E.  The  effect  on  the 
movement  of  the  low-pressure  center  is  drastic, 
resulting  in  a  retrograde  westward  movement  of  about 
5  deg  in  comparison  to  its  position  24  hr  earlier 
(3B-9b).  The  blocking  action  keeps  cold  air  moving 
from  northern  latitudes  to  the  region  off  the  China 
coast. 

At  200  mb(3B-l  3a),  a  jet  streak  remains  south  of  the 
low-pressure  center  north  of  Japan  with  intensity 
increased  to  150  kt. 

The  NOAA-3  visible  image  mosaic  at  about 
0300  GMT  (3B-I4a)  shows  movement  of  frontal 
cloudiness  southward  to  Luzon  with  increased 
convection  in  the  South  China  Sea  and  along  the  coast 
of  Vietnam.  This  cloudiness  change,  though  subtle  in 
the  NOAA-3  imagery,  indicates  movement  of  cold 
surge  effects  southward  to  at  least  10°  N. 

The  DMSP  visible  image  at  0011  GMT  (3B-15a) 
shows  cold  surge  cloud  lines  still  being  generated  in  the 
Yellow  Sea  and  in  the  Sea  of  Japan.  Jet  stream  cirrus 
cloudiness  is  apparent  near  the  northern  edge  of 
overcast  cloudiness  sweeping  across  the  Yellow  Sea 
past  the  southern  top  of  Korea. 

The  flat  appearance  of  overcast  cloudiness  south  of 
the  jet  stream  cirrus  suggests  subsidence  as  the  dense, 
cold  air  spreads  southward. 

A  streamline  analysis  of  surface  reports 
superimposed  on  the  DMSP  image  (3B-15a)  shows 
that  this  subsidence  is  occurring  under  anti- 
cyclonically-turning  flow  with  a  ridge  line  passing 
through  the  center  of  this  cloudiness. 

In  the  southwest  portion  of  the  DMSP  image, 
easterly  trade  wind  flow  is  shown  which  merges  with 
the  surge  in  the  South  China  Sea  after  passing  over  the 
Philippine  Islands. 


6  December 

The  NMC  surface  analysis  at  0000 GMT  (3B-I6b) 
shows  25-kt  winds  extending  to  about  10°  N.  Cumulus 
congestus,  rain,  and  rainshowers,  along  the  coast  of 
Vietnam  suggest  the  influence  of  a  cold  surge  in 
progress.  Low  pressure  is  analyzed  in  the  middle  of  the 
South  China  Sea,  but  without  a  great  deal  of  evidence 
from  previous  history  or  from  indicated  pressure 
reports  in  the  vicinity.  It  is  possible  that  the  low  was 
analyzed-in  on  the  basis  of  the  25-kt  wind  report, 
indicating  a  lack  of  understanding  by  the  analyst  that  a 
cold  surge  was  in  progress  over  the  region  and  that 
strong  winds  associated  with  such  surges  do  not 
require  and,  in  fact,  are  not  associated  with  low 
pressure. 

At  850  mb  (3B-I6a).  a  dome  of  high  pressure  is  seen 
to  have  pushed  southward  toward  Hong  Kongand  the 
15°  C  isotherm  is  located  south  of  Hainan  Island. 
Pronounced  cold  air  advection  is  still  indicated  from 
Korea  southward  to  Hong  Kong. 

At  500  mb  (3B-17b).  the  blocking  pattern  near 
160“  165°  E  is  still  shown  to  persist  and  the  low- 
pressure  system  north  of  Japan  has  moved  eastward 
from  its  previous  position  (3B-I3b)  by  only  about 
4  deg,  which  maintains  the  northwesterly  flow  over 
Lake  Baikal.  The  -30“  C  isotherm  now  extends 
southward  past  40“  N  into  Korea  and  Central  Japan, 
indicating  a  well-advanced  cold  surge  event. 

The  NMC  200-mb  analysis  (3B-I7a)  continues  to 
show  a  strong  jet  streak,  now  with  maximum  winds  of 
over  f  70  kt.  anchored  in  the  southern  portion  of  the 
trough  extending  from  the  low  north  of  Japan. 

The  NOAA-3  visible  image  mosaic  at  about 
0300  GMT  (3B-I8b)  reveals  considerable  cloudiness 
over  the  northern  portion  of  the  South  China  Sea 
except  along  the  China  coast  where  strong  subsidence 
and  clear  skies  occurred  as  HongKongexperienced  its 
coldest  temperature.  An  analysis  of  surface 
temperatures  by  Chang  el  ai  (1979,  3B-18a).  revealed 
that  the  temperature  gradient  was  greatest  in  the 
northern  South  China  Sea.  as  Hong  Kong  recorded  its 
lowest  temperature;  however,  winds  from  the  surge 
preceded  the  cooling  effect  and  had  reached 
southward  to  southern  Vietnam  (3B-I6b).  Convective 
cloudiness  along  the  equatorial  CZ  has  increased 
dramatically  as  increased  convergence  caused  by  the 
cold  surge  has  affected  the  area. 

The  DMSP  visible  image  at  2353  GMT  (3B-I9a) 
shows  a  closer  view  of  cloud  forms  observed  in  the 
NOAA-3  image  (3B-  18b).  The  streamline  analysis 
shows  that  the  initial  overcast  cloudiness  extending 
offshore  tends  to  dissipate  in  the  ridge  line  region 
where  winds  turn  from  northwesterly  to  northeasterly. 
A  convergence  of  surge  winds  with  easterly  trades  is 
shown  in  the  southeast  portion  of  this  image  and 
coincides  with  the  region  of  enhanced  ITCZ 
convection.  Note  that  along  the  eastern  coastline  of 
Japan,  cloud  lines  develop  in  preferred  regions  with 
some  regions  being  clear  of  cloudiness  for  as  much  as 
50  n  mi  offshore.  The  cloud  lines  form  first  in  channel 
areas  or  in  the  lee  of  valleys.  Wind  speeds  at  the  surface 
in  these  regions  are  much  higher  than  nearby  clear 
regions  which  lie  in  the  lee  of  mountainous  terrain 
Continued  on  page  .18-  IV 


3B-I2 


1B-I  lh  NM(  500-mb  Analysis  0000  GMT  5  December  1974 


IB- 1 4a  NOAA-3  Visible  Image  Mosaic.  03(X>  (»M  I  5  December  1974 
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IB- 1 5 


IB- 17b  NMC  500-mb  Analysis  0000  GMT  6  December  1974 


.IB-17 


IH-IXb  NOAA-V  Visible  Image  Mosaic  0.100  GMT  6  December  1974. 
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7  December 

On  l hi^  Iasi  da>  o|  the  cold  surge,  the  NN1C  surface 
analysis  at  0000  (»M  I  ( 3B-20b)  omits  the  erroneously 
ana!>/ed  low  in  the  central  South  China  Sea.  and  the 
piessure  gradient  is  shown  to  ha\e  relaxed 
considerably  in  the  northern  South  China  Sea. 
However,  high  pressure  is  building  up  again  in  the 
north  for  another  surge  (which  followed  on 
4  12  December) 

M  K50  mb  (3B-20a),  the  high-pressure  dome  has 
dropped  further  south  associated  with  the  advance  of 
tlie  surge,  and  cold  air  advection  into  the  northern 
South  China  Sea  has  ceased. 

I  he  NV1C  500- mb  analysis  (3B-2lb)  shows  a 
dissipation  id  the  block  along  160  f.  but  the  low  over 
Japan  still  persists  in  roughly  the  same  position.  (By 
s  December  the  low  moved  rapidly  eastward). 
Northwesterly  How  still  persists  over  l  ake  Baikal. 

I  he  SMC  200-mb  analysis  ( 3B-2 1  a)  shows  the  jet 
streak  with  l7()-kt  wind  maximum  still  at  the  base  of 
the  low  near  140  V.. 

I  he  NOAA-3  visible  image  mosaic  at  about 
0300 (iM  I  (3B-22b)  reveals  renewed  indications  of 
cold  surge  effects  off  Korea  and  Japan  in  the  form  of 
cloud  lines  emanating  f  rom  coastal  regions.  A  detailed 
surface  temperature  analysis  (Chang  eta!..  1^79; 
3H-22u)  shows  that  a  tongue  of  cold  air  has  now  moved 
past  Vietnam  to  the  northwest  coast  of  Borneo.  Heavy 
overcast  cloudiness  covers  most  of  China  and 
increased  cloudiness  appears  offshore  over  Taiwan. 

lo  the  south,  the  equatorial  CZ  appears  more 
intense  with  a  disturbed  area  northwest  of  Borneo.  It  is 
suggested  h\  Chang  i  t  ul  ( 1979).  that  the  disturbance 
intensified  as  a  result  o|  increased  convergence  and 
cyclonic  shear  caused  bv  a  confluence  of  winds  from 
the  cold  surge  into  the  disturbed  region  Such  an 
intensification  is  also  suggested  bv  cirrus  streamers 
appearing  in  the  I 'MSI’  visible  image  in  the  region 
south  i>t  \  letnamt  JR-2Cu  I  he  cirrus  suggest  increase 
outflow  aloft  forced  bv  lower-level  convergence  arid 
the  .Kvomp.mving  release  ol  latent  heat  through  the 
convective  process  Surface  winds  and  the  streamlines 
tend  to  support  this  hypothesis  m  showing  that  the 
strong  winds  are  not  driven  bv  a  low-pressure  center, 
and  the  cirrus  outflow  area  is  many  miles  from  any 
center  of  circulation  associated  with  the  disturbance. 

(  hang  i'i  til  (1979),  also  noted  that  the  sudden 
apparent  increase  in  intensity  diminished  shortly  after 
the  tune  of  the  DMSP  image,  as  the  cold  air  tongue 
(depicted  in  JB-22a)  protruded  into  the  region  of  the 
disturbance  1  he  diminished  intensity  was  short-lived, 
however,  as  the  cold  temperature  ellccts  receded,  and 
the  disturbance  again  showed  signs  ol  intensification 

\  final  DMSP  v  .ew  of  the  disturbance  at  0040  (iM  1 
on  9  December  1 3B-23b|  shows  intense  cirrus  outflow  , 
and  the  streamline*  at  this  time,  indicate  a  closed 
circulation  I  he  storm,  however,  failed  to  achieve 
tropical  storm  intensity 


Important  Conclusions 

1  Cold  surges  oil  the  coast  of  Asia  have  an 
important  influence  m  the  intensification  of 
tropical  convection  and  ol  tropical  disturbances 

2  C  old  surges  are  most  easily  detected  by  noting  the 
locations  of  stronger  :han  normal  winds  over  the 
ocean  regions  during  the  period  of  the  northeast 
monsoon,  especially  in  the  absence  of  low- 
pressure  centers 

3.  Because  of  rapid  modification  of  cold  air  over¬ 
running  warmer  water.  it  is  often  difficult  to  detect 
a  cold  surge  in  tropical  latitudes  by  a  temperature 
decrease. 

4.  The  most  reliable  method  of  predicting  the 
possibility  of  a  cold  surge  into  the  South  China 
Sea,  within  24  hr.  is  to  note  the  following 
evidence: 

a.  Winds  at  500  mb  over  l  ake  Baikal  are 
northwesterly. 

b.  A  trough  at  500  mb  is  approaching  Japan. 

c.  A  strong  pressure  gradient  exists  between  a 
low  near  Japan  and  a  high  to  the  southwest  ol 
Lake  Baikal. 

d.  The  -30°  C  isotherm  is  beginning  to  move 
south  of  40  N  over  western  Asia 

e.  A  pressure  gradient  of  10  mb  exists  between 
Hong  Kong  and  3():  N.  115  I 

f.  Jet  streaks  (  1 30  kt)  at  200  mb  persist  lor  at 

least  3  days  over  Japan. 

5.  The  K50-mb  analysis  is  a  good  indicator  of  low- 
level  cold  air  advection. 

6  Strong  winds  from  a  cold  surge  precede  any 
indication  of  falling  temperatures  and  at  times 
temperatures  never  do  fall,  particularly  in  those 
regions  where  air  has  had  a  long  over-water 
trajectory . 

7  Cooler  temperatures  associated  with  a  cold  surge 
are  most  likely  to  be  noted  near  the  coast  of 
V  ietnam  in  the  South  C  hina  Sea 

X.  Blocking  action,  as  detected  at  the  500- mh  level, 
near  160  I  .  appears  important  in  anchoring  low 
pressure  in  the  region  north  of  Japan,  and  thereby 
providing  a  stationary  channel  tor  cold  northerly 
winds  to  surge  southward  over  an  extended 
period. 
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Case  2  Mesoscale  Use  of  Cloud  Lines  and 

Anomalous  Gray  Shades  in  the  Tropics 

Cloud  lines  in  the  tropics  are  good  indicators  of  low-let  el  (gradient 
wind-level)  wind  direction.  In  addition,  in  satellite  visible  imagers,  the 
appearance  of  the  characteristic  "Y-shaped"  branching  on  the 
downstream  end  of  a  cloud  line  is  useful  for  resolving  the  1X0  deg 
ambiguity  in  determining  the  direction  of  the  flow. 

Weak  vortices  or  upper-level  trough  axes  are  sometimes  defined  by  the 
spiral  pattern  of  satellite-observed  anomalous  gray  shades  and 
embedded  cloud  bands. 

Together  these  indicators  can  improve  synoptic  analysis  in  regions  of 
few  conventional  observations. 
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Identification  of  a  Weak  Cyclonic  C  irculation 
Tropical  Central  Pacific 
June  1974 


28  June 

I  he  DM  SI*  \  isihle  image  (JB-26a)  reveals  a  fairly 
inactive  convergence  /one  (t  Z)  between  4  to  15  V 
and  170  to  180  W  Note  that  the  surface  winds  (ship 
reports)  on  either  side  of  the  C  Z  are  easterly  I  sing 
cumulus  cloud  lines  as  additional  indicators  of  basic 
low-level  How.  it  can  be  inferred  that  easterlies  prevail 
throughout  the  area  from  south  of  the  I  quator  to  mid¬ 
latitudes.  The  characteristic  "V '-shaped”  branching  on 
the  downstream  end  of  several  cloud  lines  resolves  the 
sense  of  direction  as  easterly. 

!  he  cloud  cluster  near  7  N.  165  W 'does  have  some 
weak  banding  on  the  northern  side  suggesting  the 
possibility  of  a  weak  easterly  wave.  About  25  further 
west,  a  typical  spacing  between  wave  phenomena  of 
the  CZ.  a  second  wave  is  implied  by  heavy  convective 
activity  extending  up  to  15  N. 

I  his  example  supports  other  evidence  indicating 
that  weak  tropical  waves  or  easterly  waves  are  found  m 
the  Pacific  as  well  as  the  Atlantic  tropical  areas,  where 
they  are  well  documented. 

A  close  examination  ol  the  area  near  16  5  N. 
170  W  (3B-27a)  reveals  a  weak  cyclonic  circulation 
(vortex)  defined  partially  by  curving  cumulus  cloud 
bands  and  partially  by  darker  gray  shades  indicative  of 
a  high  moisture  concentration,  blocking  underlying 
sungfiru.  Since  low-lcvd  flow  ts  eas Urly  through  this 
area,  a  vertical  shear  is  implied  suggesting  the  presence 
of  an  upper-level  trough  or  vortex.  I  his  possibility  is 
confirmed  by  RAOB  data  (JB-28a  and  28b)  from 
Johnson  Island  ( 16.7  N.  169.5  W)and  from  Midway- 
Island  (28.2  N.  177.4  W).  which  show  strong  jet 
force  westerlies  (55  kt)  to  the  south  at  Johnson  and 
fight  (f(fkt)  northcasterhes  to  the  north  at  Midway 
about  4  hr  alter  the  time  of  the  DMSP  image. 

I  he  I  \()(  5<M)-mb  analysis  at  12(H)  GM  I  on 

2^  June  |JB-29a)  clearly  shows  the  'tropical  Ipper 
I  ropospheric  I  rough  (HI  I  )  passing  westward 
through  the  Hawaiian  Islands  to  the  vicinity  of 
Johnson  Island. 


Important  Conclusions 

1  Weak  easterly  waves  embedded  in  easterly  flow  to 
the  north  and  south  of  the  wave  location  do  occur 
in  the  tropical  Central  Pacific. 

2  Y-shaped  branching  on  the  downstream  end  of 
cloud  lines  is  a  useful  tool  in  determining  low-level 
wind  direction 

}  Anomalous  gray  shades  m  regions  where  upper- 
level  troughs  pass  over  sunglint  regions  can  be 
useful  in  determining  (rough  presence  and 
location 


Weak  tropical  waves  can  he  detected  bv  noting 
areas  of  more  intense  convection  preceded  bv 
cyclomcally  curving  cloud  elements  defining  an 
axis,  or  centers  along  an  axis,  of  positive  relative 
vc  treaty 
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JB-2Ha  RAOB  Johnson  Island  0000  GM!  29  June  1974 


3B-2Hb  RAOB  Midway  Island  0000  GM  I  29  June  1974 
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Case  3  Tropical  Air  Fog 

I  he  tropics  are  normally  thought  of  as  fog-f  ree  areas.  However,  during 
\v  inter  months,  fog  can  form  over  tropical  or  semi-tropical  ocean  areas  as 
warm,  moist  tropical  air  is  advected  northward  around  the  western 
portion  ot  high  pressure  systems.  The  tropical  air  is  cooled  to  saturation 
as  it  passes  over  increasingly  cooler  water  to  the  north. 


Mi  (  use 


Tropical  Air  Fog 
Gulf  of  Tonkin 

December  1978  and  January  1980 


24  December  1978 

The  DMSP  visible  image  at  0347  GM  I  (3B-32a) 
shows  a  generally  log-free  day  over  Southeast  Asia 
l  akes  and  streams  and  land  topography  are  crisply 
delineated  Note  that  the  appearance  of  such  features 
over  relatively  low  elevations  in  Thailand,  l.aos. 
Cambodia,  and  Vietnam  does  not  appear  less  clear 
than  over  much  higher  elevations  such  as  a 
mountainous  region  of  China  near  the  top  central 
portion  of  the  image.  (Overcast  cloudiness  is  banked 
up  against  the  foothills  of  this  region  Irom  the  east! 

29  January  1980 

The  DMSP  visible  image  of  the  region  OB-33a) 
shows  a  significant  change  in  clarity  over  northern 
Thailand.  Laos,  and  Vietnam.  1  he  area  to  the  north, 
over  China,  however,  appears  largely  unaffected 

Also  immediately  noticeable  is  the  gray  shade 
extending  eastward  over  the  Gulf  of  lonkin.  which 
nearly  obscures  Hainan  Island. 

Surface  reports  superimposed  on  the  DMSP  image 
(3B-33a>  reveal  the  wide-spread  log  and  poor 
visibilities  (in  statute  miles >  present  on  this  day  One 
could  immediately  deduce  and  reasonably  analy/e  lor 
the  poorer  v  isibility  areas  based  only  on  the  gray  shade 
information  appearing  in  the  DMSP  image 

Since  the  depiction  is  for  an  early  morning 
(0830  l  SI)  view,  it  is  easy  to  explain  the  log  over  the 
land  as  an  elfect  due  to  radiational  cooling  under  clear 
night-time  sky  conditions.  However,  this  logic  cannot 
explain  the  extensive  occurrence  of  log  over  the  South 
China  Sea. 

\  R  AOB  from  Da  Nang  (lb  V  108.2  L )  at 
0000  GM  I  <3H-34a)  reveals  a  boundary-layer  height 
of  about  1.466  m  f K5()  ni b >.  I  he  sounding  stabilizes 
above  this  level  as  the  air  becomes  much  dryer.  Wind 
speeds  increase  rather  strongly  within  the  boundary 
l  iver  from  10  to  35  kt  at  1,466  m  (K50nib|  l  he  fact 
that  these  strong  winds  do  not  extend  to  the  surface  is 
an  indication  o!  the  stabilizing  cited  of  cold  air  near 
the  ground.  Still  some  possibility  ot  advection  ot  the 
log  Irom  the  land  to  the  sea  is  suggested  by  the 
sounding  which  reveals  westerly  winds  blowing  from 
the  land  to  the  sea 

1  or  tog  to  persist  over  the  sea  at  a  land  air 
temperature  ot  about  |0  to  20  C  implies  that  the  sea 
surface  temperate. -*  m  the  Gulf  of  I  onkm  region  be  no 
warmer  than  t It*  c  same  values  Otherwise  the  tog 
would  be  dispersed  b\  turbulent  mixing  and  heat  flux 
from  the  sea  to  the  an 

An  f  NOC  regional  sea  surface  temperature  anah  sis 
Kir  0000  GM  I  (  3B-34b)  reveals  that  temperatures, 
indeed,  were  considerably  warmer  than  the  ait 
temperature  over  land  ranging  in  values  from  22  to 
24  C.  or  2  t o  4  deg  higher  than  land  temperatures 
f  his  suggests  that  log  advected  over  the  water  could 
not  persist  and  that  the  maior  source  M  the  log  over 
the  South  China  Sea  was  not  advection  from  land  but 


through  some  other  mechanism 

The  LNOC  surface  analysis  for  the  region  ( ^B-35al 
shows  the  tight  packing  of  isobars  associated  with 
extremely  cold  air  and  high  pressure  to  the  north  over 
China  A  trough  of  low  pressure  extends  Irom  east  of 
Japan  southwestward  past  laiwan  to  Hainan  Island 
A  ridge  ol  high  pressure  extends  Irom  east  ot  the 
Philippines  j nt»'  the  South  China  Sea 

Weak  southerlv  flow  comes  around  (he  periphery  ol 
the  high,  in  the  South  China  Sea.  into  the  trough  to  the 
north 

Dew  point  temperatures  ovci  the  southern  South 
China  Sea  are  about  24  (  anddrx  bulb  temperatures 
are  only  a  few  degrees  higher  (  omparmg  these 
lempetaunes  to  the  sea  surface  temperature  analysis 
1 3B-  Ubt  indicates  that  the  mat  ilimc  air  over  the  South 
China  Sea  would  teach  sanitation  verv  tapidlv.  alter 
being  advected  rmrthol  15  V  due  io  cooling  ol  theaif 
b\  the  sea  I  his  could  account  tot  the  widespread  log 
noted  tn  that  region  which  becomes  denser  nudging  h\ 
the  gray  shade  vainest  IB-  v'a i  the  1  nr t her  noilh  the  ait 
is  advected  over  increasingly  coolei  water  I  og. 
formed  in  such  a  manner  is  referred  to  as  tropical  an 

tog  ( Byers,  |vC4» 

Important  Conclusions 

1  Widespread  tog  oxei  the  Smith  (.  lima  Sea  can 
occur  in  winter  months  due  to  the  advection  of 
moist  tropical  ait  northward  ovet  increasing)! 
cooler  water 

2  A  good  way  to  predict  the  occurrence  ot  such  tog 
is  to  note  when  conditions  for  advection  ot  moist 
tropical  air  from  the  south  into  the  South  China 
Sea  are  likely  to  occur  When  the  tropica!  air  is 
close  to  saturation,  log  can  he  anticipated  to  the 
north. 

J  I  he  presence  ot  tog  over  land  can  often  he 
determined  by  visual  inspection  ol  DMSP  high 
resolution  visible  imagery,  and  noting  tegions 
where  underlying  tenant  features,  lakes  and 
streams,  are  him  red  or  obscured  m  companson  to 
fog- free  views 
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Case  4  Use  of  Convergence  Bands  in  the  Tropics 
to  Locate  Surface  Troughs 

Cloud  bands  lending  into  tropical  depressions  from  points  a  thousand 
miles  or  more  from  the  center  are  normally  found  to  be  associated  w  ith 
asymptotes  of  convergence  in  the  low-level  flow  or  with  trough  lines 
connecting  cyclonic  centers. 


3B-JKa.  L-2  DMSP  I >  Low  Enhancement  2150  GMT  17  November  1977. 
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Locating  the  Surface  Trough  Lute 
in  a  W  eak  Tropical  Disturbance 
Tropical  W  estern  Lac if h 
Xovemher 

17  November 

l  he  DMSI*  \  isiblc  image  (  5B- 'Sal  reveals  a  tropical 
depression  with  center  near  20  N.  I  U  i  I  his 
depression  never  intensil led  to  tmpieal  sli'im  status 

Ol  immediate  interest  is  the  lone  north-south 
oriented  cloud  hand  lead  mu  to  the  storm  tiom  ovet 
1.500  n  mi  distance  to  the  south.  Also  ot  interest  is  the 
heavv  cloud  hand  toi  mine  the  tail  ot  the  storm  comma 
cloud.  aNo  pointing  to  the  south 

I  he  supet  imposed  sti  earn  line  anahsis  based  on 
surface  reports  and  loti  cJoud  alignment  (5B-5^ai 
reveals  that  the  lone  cloud  hand  is  located  due  cast  ol  a 
trough  line,  while  the  heavv  convective  comma  tail 
corresponds  to  the  location  ol  an  asvmptote  ot 
convergence  associated  with  a  hyperbolic  point 
southeast  ol  the  storm  center.  I  hese  are  logical 
positions  tor  the  trough  and  convergence  asvmptote. 
which  repeat  in  other  svnoptic  situations  on  a  reliable 
basis  1  he  leat  ures.  thetelore.  can  be  a  great  assistance 
in  svnoptic  anahsis.  particularlv.  when  other 
conventional  tcporls  are  not  available. 
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Case  5  Use  of  Sung/inr  in  Determining 
the  Position  of  the  Southern 
Equatorial  (Monsoon)  Trough 

I  he  seasonal  mean  sea-level  pressure  over  the  tropics  t  JB-4 1  a  I  show  s  a 
hroad  elongated  trough  extending  from  near  the  equator  in  the  eastern 
Pacific  westward  to  the  Australian  Indonesian  region  during  the  month 
of  January 


3B-4I 


This  broad  depiction  is  not  very  useful  in  delineating  details  of  the 
gradient  wind  flow(3B-43b)  over  the  same  region,  which  shows  a  reversal 
of  wind  direction  from  easterly  north  of  the  equator  to  westerly  south  of 
the  equator  in  the  region  of  Indonesia  and  New  Guinea.  A  streamline 
trough  is  additionally  defined  south  of  these  westerlies  extending  from 
near  the  Fiji  Islands  ( 18°  S,  178°  E)  through  northern  Australia  and  into 
South  Africa. 

The  circulation  involving  easterly  trade  wind  flow  crossing  the  equator 
and  changing  direction  to  westerly  is  referred  to  as  a  “buffer  zone” 
(Conover  and  Sadler,  1960)  while  the  streamline  trough  having  westerlies 
on  the  equatorward  side  and  easterlies  on  the  poleward  side  is  referred  to 
as  a  “monsoon  trough."  In  the  eastern  Pacific,  the  northeast  and 
southeast  trades  merge  without  change  of  direction  to  form  what  is  called 
the  “Trade  Wind  Trough"  (Atkinson,  1971).  The  various  configurations 
are  illustrated  schematically  (3B-43a).  Note  the  reversal  of  flow  in  the 
buffer  zone  transitioning  from  Northern  Hemisphere  summer  to 
Northern  Hemisphere  winter. 

A  feature  of  the  monsoonal  trough  is  that  a  distinct  isotach  minimum 
lies  along  its  axis.  Sunglint  data  from  polar-orbiting  satellites  during  the 
winter  should  therefore  be  very  useful  in  locating  the  exact  position  of 
this  trough  axis  at  a  particular  latitude,  since  minimum  wind  speed 
regions  over  the  ocean  should  reflect  sunglint  more  brilliantly  than 
adjacent  rougher  sea  regions.  By  combining  the  satellite  input  with 
available  ship  reports  a  significantly  improved  analysis  can  often  result. 
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hlcntificaiion  of  the  \1on.\otai  Tnm\*h 
Tropical  Soui/iwcsi  Pacific 
Tchruarv  / VX5 

8  I  ebruarx 

I  he  DMSI*  \isihle  image  ('H-44.ii  extends 
soulhxxard  oxer  Hornet*  ami  past  Ja\a  ami  ilie  I  e^o 
Sunda  Islands.  Brilliant  sungiml  telleetion  oeeuis 
south  to  the  1  esser  Sunda  Islands  at  (lie  bottom  ot  the 
i matte  near  12  S  \s  ean  be  seen  Irom  t lie  depletion  ol 
the  resultant  gradient  wind  How  (  'H-4'bi.  tins  in  \er> 
near  the  mean  position  ol  the  streamline  trough  lot 
that  time  ol  xear. 

1  he  streamline  analxsis.  based  on  surtaee  reports 
and  superimposed  on  the  DMsI*  image  (4B-45a). 
texeals  the  tioxx  pattern  delmmg  tire  buller  /one  and 
suggests  an  east-xxest  trough  axis  defining  the  exact 
location  ol  the  monsoon  trough  passing  through  the 
position  of  the  brilliant  sunglmt. 

I  he  1  N( )(  surtaee  analx  ses  at  IMMMI  and  OhOO  <  *  M  I 
(4B-4ba  and  4*,ai  show  txxo  loxx -pressure  centers  just 
south  ol  the  l  esser  Sunda  Islands  \v  ith  higher  pressure 
to  the  north  and  south,  lulls  substantiating 
implications  ol  trough  locations  derixed  Irom  the 
DMSI*  image 


iR-4Sa  h-7.  DMSP  I  l  low  Enhancement.  062K  CiM  I  K  February  I9XS  Surlacc  Reports  tONM)  (At  I  (  ami  Streamlines 
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Case  I  Cloud  Line  Configurations  in  the 
Lee  of  Islands  Under  Low-level 
Inversion  Conditions 

When  island  topography  rises  to  near  the  base  of  a  low-level  inversion, 
or  rises  above  this  base,  air  flowing  past  the  island  is  forced  around  the 
sides  rather  than  over  the  island.  Downstream  effects  may  become 
perturbed  giving  rise  to  Von  Karmen  vortices,  or  if  the  inversion  interlace 
is  especially  pronounced,  cloud  formations  may  separate  in  a  "ship 
wake"  configuration  (see  NTAG  Vol.  1,  Sec  20.  The  particular  effect 
depends  on  many  variables  including  the  shape  of  the  island,  vertical 
shear,  stability,  moisture,  and  sea  surface  temperature  variations. 


Island  lee  Cloud  Formation  L  rider 
Statically  instable  Low-level  Conditions 
Tropical  Central  Pacific 
January  1974 

16  January 

|  he  DMSP  visible  image  (3C-2a)  reveals  a  band  ot 
frontal  clouds  extending  down  into  tropical  latitudes. 

I  he  rope-like  cloud  structure  at  the  leading  edge  of  the 
trontal  band  defines  the  surface  trontal  position. 

A  sharp  surface  ridge  normally  precedes  trontal 
movement  Ponape  and  Kusaie  Islands  show  lee 
effects,  indicating  southeasterly  low-level  flow  past 
these  locations  (see  enlargement.  3(  -3b). 

f  he  surface  observations  and  streamline  analysis 
superimposed  on  the  |)MSP  image  (3C-3a)  coniirm 
the  existence  of  a  ridge  line  in  advance  of  the  front 
while  the  frontal  band  is  located  along  an  asymptote  of 
streamline  convergence. 

1  he  flow  pattern  past  Kusaie  and  Ponape  Islands 
has  resulted  in  lee  cloud  line  formations  (3C-3b) 
exhibiting  a  “split-V"  configuration  similar  to  the 
appearance  of  a  ship's  wake  in  the  ocean.  Such 
formations  occur  when  an  extremely  sharp  inversion 
exists  near  the  top  of  the  island's  highest  terrain  (see 
M  AG.  Vol.  ! .  Sec.  20. 

The  0000  GMT  sounding  tor  Ponape  (3C-3c) 
reveals  such  a  condition  at  3,200  ft  (900  mb).  Ponape \ 
highest  altitude  is  indicated  to  he  2.595  it.,  close 
enough  to  the  base  of  the  inversion  to  result  in  such  an 
effect. 

Important  Conclusions 

1.  The  “split-V"  cloud  line  formation  forms  under  a 
statically  unstable  local  environment  and  denotes 
the  existence  of  an  especially  sharp  inversion  near 
the  top  of  the  island's  highest  terrain. 

2.  Island  Ice  cloud  line  formations,  exhibiting  a 
“split-V”  configuration,  are  useful  in  delineating 
the  direction  of  low-level  flow. 
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/ a  u  at ini'  a  Buffer  /one 
anil  \fon\tH»n  trough  1  \e\ 
tropical  Stnuhwest  Pacifh 
August  tV 4  unit  August  IW 

15  August  1^74 

I  he  DMSP  v  jsjhlc  iitutcM  H  -t\ i  >  reveals  the  islands 
of  Borneo.  Celebes.  Morotai.  and  Halmaheia.  which 
lie  very  near  the  equator  One  would  expect  the  buffer 
✓  one  axis  t<*  he  located  running  east  west  somewhere 
in  the  vicinity  ot  these  islands 

I  he  reflective  pattern  around  the  islands ol  Morotai 
and  Halmahera  immcdiatciv  enable  one  to  deduce  the 
presence  ol  southerly  low -level  How  l  Ins  is  verified  b\ 
surface  observations  and  the  streamline  analysis 
superimposed  in  .U  -7a.  A  buffer  /one  axis  is  defined 
near  the  equator  consistent  with  climatological 
expectations. 

Southwesterly  flow  continues  north  of  the  buffer 
/one  until  nearly  15  N.  where  easterly  winds  are 
encountered  on  the  northern  side  of  the  convergence 
/one  ((’/.)  cloudiness  defining  the  position  of  the 
monsoon  trough.  Two  tropical  storms  are  evident, 
embedded  as  circulations  along  the  monsoon  trough 
axis. 

5  August  1979 

Five  years  later,  a  DMSP  visible  image  of  the  same 
region  (3C'-8a)  reveals  that  similar  (low  patterns  are 
evident.  The  arc  cloud  line  apparent  on  the  south  coast 
of  Obi.  and  convective  cloud  lines  streaming 
northward  on  the  the  east  and  west  side  of  Halmahera. 
indicate  southerly  flow,  blocked  by  a  low-level 
inversion,  resulting  in  air  (lowing  around,  rather  than 
over  the  islands  at  low  levels. 

Convergence  /one  cloudiness  to  the  north  would 
suggest  that  this  southerly  How  turns  southeastward 
through  the  convergence  /one  cloudiness  and  then 
becomes  easterly  or  southeasterly  to  def  ine  a  monsoon 
trough  on  the  north  side  of  the  cloudiness. 

Surface  observations  and  a  streamline  analysis 
superimposed  on  the  DMSP  image  (3C-9a)  confirm 
that  this  pattern  did  exist.  Note  that  Tropical 
Depression  3|  |.  as  designated  by  the  Joint  Typhoon 
Warning  Center  { .1 1  'WO.  has  formed  along  the 
monsoon  trough  on  the  northern  edge  of  the  CZ 
cloudiness. 

Important  Conclusions 

1.  I  he  concept  of  the  buffer  /tine  and  monsoon 
trough  is  a  useful  aid  in  streamline  analysis  over 
the  tropics. 

2.  Satellite  indications  of  low-level  flow  revealed  b\ 
barrier  effects  and  cloud  vortex  centers  are  useful 
indicators  in  fine-tuning  a  streamline  analvsis 
based  on  sparse  surface  observations 
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Case  2  Streamline  Analysis  Using  the  Buffer  Zone 
and  Monsoon  Trough  Concepts 
and  Satellite  Imagery  Interpretation 

During  the  Northern  Hemisphere  summer,  a  "buffer  /one"  as  defined 
by  Conover  and  Sadler  (I960),  is  created  near  the  equator  where  the 
easterly  trade  wind  flow  from  the  Southern  Hemisphere  changes 
direction  to  westerly  as  it  moves  into  the  Northern  Hemisphere.  The 
westerlies  again  change  direction  to  easterlies  near  10°  15°  N.defininga 
streamline  axis  referred  to  as  the  monsoon  trough  (3C-5a)  From  a 
satellite  perspective,  the  monsoon  trough  axis  is  frequently  found  near 
the  northern  edge  of  the  convergence  /one  cloudiness  where  tropical 
depression  formation  is  favored  (Felt.  1968). 

The  Northern  Hemisphere  summer  buffer  /one  occurs 
characteristically  in  all  areas  of  the  world  except  the  central  and  western 
North  Atlantic  and  the  North  Pacific  between  longitudes  1 20"  W  and 
140°  E.  In  those  regions.  Southern  Hemisphere  easterlies  converge  on 
crossing  the  equator  with  Northern  Hemisphere  easterlies,  creating  what 
is  referred  to  as  the  “trade  wind  trough"  (3C-5a). 

It  is  especially  useful  to  have  these  concepts  in  mind  when  analyzing 
satellite  imagery,  making  use  of  additional  detail  in  the  satellite  images  to 
fine-tune  placement  of  the  buffer  /one  and  monsoon  trough  axis. 
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U  -5a  Schematic  representation 
ol  monsoon  and  trade- uind 
t\  pc  troughs  and 
near -equatorial  butler  /one 
in  the  tropics 
1  Alter  Atkinson.  I ‘PI  ► 
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Case  3  Detection  of  Mountain  Gap  Winds  over 
Coastal  Areas  from  Sung  lint  Patterns 

Under  offshore  flow  conditions,  where  a  coastal  mountain  range  has 
gaps  and  valleys  which  lead  to  the  ocean,  winds  are  observed  to  be 
stronger  in  the  valley  regions  (due  to  the  Venturi  effect)  than  in  mountain 
lee  areas,  which  act  as  a  barrier  to  the  winds.  The  stronger  winds  produce 
rougher  seas  over  the  adjacent  coastal  waters  and,  when  sunglint  is 
present,  these  areas  can  be  distinguished  from  adjoining  calmer  areas  in 
the  sunglint  pattern  (see  NTAG  Vol.  1,  Sec.  2A). 


3C-1 1 


Mountain  (jap  Winds 
Southeast  Asia 
July  197) 


20  Jul\ 

1  he  DMSI*  visible  image  (3C‘-I2a)  is  a  view  of 
Southeast  Asia  during  the  season  of  the  Southwest 
Monsoon  Westerly  or  southwesterly  tlow  ean  easily 
he  deduced  from  the  cloudiness  pattern  which  shows 
fair  weather  cumulus  over  the  western  slopes  ot  the 
Annum  coastal  mountain  range,  while  the  coastal 
areas  are  clear  due  to  subsiding  downslope  flow.  Row 
alignment  ol  cumulus  cloud  patterns  over  Thailand 
(lower  lett  portion  ot  picture)  is  suggestive  of  west- 
southwesterly  How. 

In  the  DM  SI1  image,  the  subsolar  point  is  located 
very  near  the  subsatellue  point.  iust  south  ot  Hanoi 
(near  21  N.  106  l: )  Brilliant  sunglint  over  the 
Hooded  Red  River  delta  area  is  so  intense  that  the 
scanning  radiometer  is  adversely  affected  in  its  ability 
to  record  consistent  retlecta  nee  over  the  eastern  half  ot 
the  scanning  swath,  which  appears  darker  than  it 
should 

I  he  gray  shade  patterns  A  in  the  Gulf  of  t  onkin 
present  a  problem  tor  interpretation  which  is  clarified 
through  a  comparison  with  t  R  I  S-t  imagery  acquired 
approximately  two  hours  earlier  ( X  - 1 3a).  I  his  tigure 
is  a  mosaic  ol  two  adjacent  l:RIS  images  Horn 
C  hannel  4  (0  5  0.6  pm)  and  shows  a  portion  ol  the 
same  section  ot  the  northern  Vietnam  coastline 
appearing  m  the  DMSP  image  Arrows  on  the  I  R  IS 
mosaic  cot  respond  to  similar  locations  on  the  enlarged 
DMSR  image  t.X  -13c)  It  will  he  noted  that  the  light 
gray  shade  streaks  appearing  at  the  end  ol  the  arrows 
m  the  1  )MSP  image  appeal  as  dark  gras  streaks  m  the 
IRIS  mosaic  I  his  type  ot  reversal  is  consistent  with 
reflective  elleets  ot  calm  seas,  as  viewed  b\  satellite 
from  dilterent  pcispedives  with  respect  to  the  sun  At 
the  time  ot  the  l  )MSP  image  acquisition,  the  Mihsolat 
point  was  over  the  DMSP  suhsiiellue  track,  near 
Hanoi,  .is  indicated  b\  the  \  As  the  satellite 
progressed  northward,  over  the  (mil  ot  lonkm.  the 
siihsolat  point  was  essentially  stationary  and  the 
specular  point  was  verv  close  to  the  suhsatefhtc  point 
throughout  the  entire  portion  ol  the  satellite  track 
Calm  seas  show  greater  reflectance  in  such 
circumstances  at  points  neat  the  primary  speculat 
point  or  near  the  cenlet  of  a  sunglint  pattern 

I  wo  hours  earlier,  howevet .  at  the  time  ol  the  IRIS 
imagery,  the  subsolar  point  was  to  the  cast  at  2n  *  N. 

I  3d  5  1  (not  shown)  Hence,  the  specular  points  toj 
the  IRIS  imagery  were  also  well  to  the  east  ol  the 
IRIS  subpoint  track  (  aimer  areas  ml  R  I  s  data  at 
the  edge  ot  a  sunglint  pattern  should  therefore  appear 
darker  than  surrounding  seas,  and  this  is  prcciselv  the 
effect  shown  in  U’-|3a  (Refer  to  \  I  AG.  Vof  I 
Sec  2  A.  lor  technical  discussion  ot  sunglint  patterns  t 

I  he  fact  that  the  calmer  areas  coincide  m  the  two 
tvpes  ol  images,  despite  the  two  hour  time ditletcntud. 
suggests  .t  common  cause  On  a  topographical  map  ol 
this  area  ( 3(  ~|lb).  gray  shade  positions  have  been 
lightlv  superimposed  over  the  (iulf  o|  lonkin.  It  can 
be  seen  that  many  ol  the  gray  shade  patterns  are  m  the 
immediate  lee  ol  mountain  peaks.  Calm  or  relativefv 


calm  seas  extending  for  some  distance  oltshore  in  the 
lee  of  such  features  is  consistent  with  a  barrier  ellect 
similar  to  that  seen  and  documented  in  I  he  lee  ol 
mountainous  islands  (see  STAG.  A' ol.  l.Sec.  2C).  The 
persistence  of  calm  narrow  streaks  on  the  water's 
surface  long  distances  seaward  is  attributed  to  a 
downward  turbulent  mixing  ot  air  from  aloft  which  is 
heated  as  it  ascends  adiabatically  over  heated  elevated 
terrain  (Annum  Mountains).  A  thermal  stratification 
results  in  the  lee  of  such  a  feature  which  can  persist 
great  distances  downstream.  1  he  explanation  for  this 
effect  was  first  suggested  by  Deardorff  (  W76)  who 
indicated  that  the  “wind  shadow  seems  due  to  the 
associated  stable  stratification  that  both  protects  the 
wake  from  significant  lateral  mixing,  and 
micrometeorologically  causes  weak  winds  at  small 
heights." 

Not  all  of  the  gray  shade  plumes  are  due  to  sunglint 
patterns,  l  or  example,  the  reflective  plume  north  of 
the  northern-most  arrow  in  the  IRIS  mosaic 
(3C-I3a>  extends  from  the  mouth  of  a  river  and  is 
obviously  caused  by  water  turbidity  Such  plumes 
have  been  photographed  by  the  astronauts  on 
numerous  occasions  Several  other  smaller  plumes  to 
the  south  ate  identified  that  coincide  with  river  exit 
points. 

Note  that  the  tetlectivitv  ot  the  northern-most 
turbid  plume  decreases  bv  at  least  an  order  of 
magnitude  where  it  passes  into  the  dark.  calm,  swath, 
deputed  by  (he  northernmost  arrow  Such  a  decrease 
would  be  anticipated  because  more  ot  the  sun's  rays 
are  reflected  away  from  the  spacecraft's  sensor  in  this 
calmer  region  in  comparison  to  adiacent  rougher  seas 
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Case  4  Mesoscale  Convective  Systems 
in  the  Tropics 

Winter  monsoon  cloud  cover  and  precipitation  over  the  maritime 
continent  ti  e..  Malaysia.  Indonesia,  and  surrounding  seas)  take  place 
largely  in  mesoscale  convective  systems  (or  cloud  cluster)  initiated  h\ 
low-level  convergence  associated  with  local  diurnal  land- and  sea-bree/e 
circulations  (eg..  Johnson.  19X2).  These  cloud  clusters  exhibit  a  lite  cycle 
similar  to  those  ol  mesoscale  cloud  systems  found  elsewhere  in  the  tropics 
leg..  Hou/e.  I9K2). 

I  he  ty  picul  cloud  cluster  life  cycle  commences  with  the  formation  ol  a 
group  ol  convective  cells,  which  evolves  into  a  system  composed  ol  a 
combination  ol  convective  cells  and  mesoscale  stratiform  precipitation 
w  ithin  the  area  covered  by  a  mesoscale  upper-level  cloud  shield,  observed 
by  satellite.  As  the  system  ages,  the  precipitation  becomes  increasingly 
stratiform  and  less  convective,  then  ceases.  The  upper-level  cloud  persists 
lor  several  more  hours,  slow  ly  thinningand  finally  dissipating  (Churchill 
and  Hou/e.  19X4). 

This  study  presents  a  typical  cloud  cluster  life  cycle  as  revealed  by  a 
group  ol  cloud  clusters  that  occurred  over  the  South  China  Sea  on 
10  December  I97X.  The  discussion  is  based  on  Churchill  and  Hou/e 
( 19X4). 
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Mesoscale  Convection  Systems  Induced  by  Land  Breeze  Convergence 
Tropical  Western  Pacific 
December  197X 


9-10  December 

Satellite  imagery  of  the  upper-level  cloudiness  in  the 
vicinity  of  Borneo  and  the  South  China  Sea  from 
1733  GMT  on  9  December  to  1530  GMT  on 
10  December  1978  is  shown  in  30 1 6a.  17a.  and  17b. 
The  corresponding  schematics  (3C-I7c)  show  the 
evolution  of  the  family  of  cloud  clusters  (labeled  A  J) 
that  developed  along  the  north  coast  of  Borneo  and 
over  the  South  China  Sea. 

The  10th  of  December  1978  was  characterized  by 
the  onset  of  a  cold  surge  over  the  South  China  Sea. 
During  a  cold  surge,  northeasterly  monsoon  surface 
winds  over  the  South  China  Sea  increase  in  speed  in 
conjunction  with  the  passage  of  an  upper-level  trough 
in  central  China,  and  cloudiness  and  precipitation  are 
enhanced  along  the  north  coast  of  Borneo  (Raniagc. 
1971;  Chang  and  Lau,  1980;  Johnson  and  Pnegnitz. 
1981).  At  0000  GMT  on  10  December  1978.  3<)-ki 
(15ms'i)  northeasterly  surface  winds  over  the  South 
China  Sea  extended  southward  to  6  N  (3C-i8b>  B\ 
1200  GMT  they  reached  Jc  N  (3C-lXc).  indicating  the 
intensifying  cold  surge.  Clusters  A.  B.  and  (  were 
penetrated  by  aircraft  (an  Plectra  and  a  P3)  between 
0900  and  1 100  GMT  as  indicated  by  the  flight  tracks 
(3C-18a.  i  k).  Low-level  convergence  centered  near 
3.5°  N,  1 14°  E  (3C'-I8b),  and  an  apparent  increase  in 
upper-Jevel  difluence  over  the  north  coast  of  Borneo 
between  0000  and  1200  GMT  (3C-I9a  and  I9bi  is 
consistent  with  the  development  of  this  group  of  cloud 
clusters.  At  middle  and  upper  levels  the  flow  was 
easterly  over  the  north  coast  ot  Borneo,  in  a  pattern 
typical  of  the  winter  monsoon  (3C-I9u.  19b.  19c.  and 
!9d). 

Cluster  Bdominated  the  family  of  clusters  (302 1  hi. 
This  cluster  was  apparently  triggered  by  the  low-level 
convergence  of  the  diurnal  land  breeze  with  the 
northeasterly  monsoonal  surface  flow  just  off  the 
north  coast  of  Borneo.  Atter  1731  GMT(3C-2lb.  ai. 
cluster  B  grew  until  the  area  covered  by  its  cirrus  shield 
reached  a  maximum  on  the  next  day  at  about 
0533  GM  T  (3C-21  b.  h).  During  this  period  ol  growth, 
the  southeastern  boundary  ot  the  cirrus  shield  was 
stationary  along  the  coast  of  Borneo,  while  the  western 
and  northern  boundaries  expanded  outward.  Cluster 
I,  also  seen  developing  at  1733  GMT  (3C-2lb.  a), 
never  attained  as  great  an  areal  extent  as  B  By 
2303  GMT  10  December,  while  cluster  B  was  still 
actively  expanding,  cluster  1  was  decreasing  in  si/e. 

Extensive  changes  occurred  in  the  cloud  patterns 
between  0233  and  0833  (iMI  10  December  (3C-2lb. 
g  i)  Cluster  B  developed  a  northern  arm  connecting 
with  the  remains  of  cluster  I,  while  separate  new 
clusters.  A.  C.  and  J.  formed.  During  the  next  three 
hours  (302  lb,  i  k),  clusters  A.  B.  and  C  were 
penetrated  by  the  Elcctra  and  P3.  Active  growth 
continued  on  the  western,  northern,  and  northeastern 
borders  of  B  during  this  time.  However,  at  about  the 
time  that  typical  diurnal  low-level  flow  reversed  from 
offshore  to  onshore  (302  la).  the  southeastern  border 
of  B  disintegrated,  while  new  clusters  D,  E,  F.  C,  and 
H  appeared  just  inland  from  the  coastline.  (Note 


similar  behavior  over  the  Makassar  Strait,  along  the 
east  coast  ot  Borneo,  where  new  clusters  also  formed 
in  a  line  just  inland  Irom  the  edge  ol  a  weakening 
cluster  (3C-20a.  g  i) 

Further  descriptions  of  cloud  clusters  A  and  Bare  as 
follows: 

(!)  Cloud  (luster  A  Cloud  and  weather 
observations  were  reported  bv  a  research  ship  ( Ak 
Shirshov).  located  beneath  cluster  A.  From  0500  to 
07(H)  G M  I  10  December,  the  ship  reported  (3C-22at 
building  cumulus  evolving  into  cumulonimbus  with 
cimlorm  tops  A  moderate  lainshower  had  begun  h\ 
07(H)  GMI.  and  1)  0  ot  the  skv  was  covered  hv  low  -  and 
middle-level  cloud  \t  08(H)  (iMI  heavv  thundet- 
storm  actmtv  was  reported  Bv  09(H)  (All.  the 
thunderstorm  had  ended,  though  sonic  lain  tell  at  the 
ship  during  the  next  hout  I  tom  09(H)  to  I  loo  (AI  I 
the  ship  reported  middle  cloud  ami  t  u  i  us.  pteMimabiv 
the  cloud  deck  of  \.  combined  with  cumulonimbus 
covering  0  9  ot  the  skv  I  htoughoul  the  pei  nut  ot  J  100 
to  12(H)  (AI  1.  i;nn  was  seen  teaching  the  sea  in  the 
distance,  hut  not  at  the  ship  \t  1200  (All  U 
Shirshov -recorded  a  6-hr  precipitation  total  ot  II  mm 
1  hen  a  clearing  trend  brought  lau  weathei  tor  the 
next  tew  bouts 

Note  that  cluster  A  was  forming  between  cluster  B 
and  the  remnants  oj  cluster  I  at  0533  (AI  I  i  K -22b. 
hi  Surface  and  sounding  data  taken  at  ,-M  Shtrshtn 
suggest  that  convective  downdraft  outflows  similar  to 
those  that  appeared  to  produce  the  cloud  arc  lines  mav 
have  been  involved  in  triggering  cluster  A  I  he  hourlv 
surface  data  at  the  ship  showed  a  drop  in  wet-bulb 
potential  temperature  from  298.5  to  296.5  k 
between  0600  and  0700  (iMI.  I  he  shin  sounding 
reported  tor  0600  (i \1  I  (3(  -23a)  showed  the  low  wet- 
bulb  equivalent  potential  temperature  at  the  surface  at 
the  base  ot  a  shallow  stable  layer  similar  to  that  ol 
convective  downdraft  outflow  air  seen  elsewhere  in  the 
tropics  (Houzc  and  Betts.  1981).  I  he  sounding 
observed  at  Ak.  Shirshov  earlier  in  thedav  (3C  -23M 
and  dropwindsondes  obtained  just  prior  to  <3C‘-23c) 
and  |ust  atter  (3('-23d)  the  P3  aircraft  penetration  ol 
cluster  A  show  the  undisturbed  stratification. 

Continued  on  puge  M  -74 
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H  -!7;1  (, VIS-1  Infrared  Images  0233  1103  CiMT  10  December  1978 


,H’*)Xa.  Schematics  ot  Ci MS- 1  infrared  images  9  10  December  I9?X 


.U'-INb  Surface  streamlines  and  isotachs  fm  sec  > 
0000  (»V1  I  10  December  197* 


H’-lXc.  Surface  streamlines  and  isotachs  tm  sec  ) 
1200  CiMI  10  December  197* 


3(’-Pb  (iMS-l  Infrared  Images.  1133  1503  GMT  10  December  W7K 


U  -  Pc  Schematics  of  GMS-I  infrared  images,  9  10  December  1978 
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200-mh  streamlines  and  isnt .K'hs  (ni  see  ;l  U'-ldh  DOO-mb  streamlines  and  tsotaehs  (m  see  <) 

IKKKIGMI  It)  December  I97X  1 200  (1M  I  1(1  December  I97X 
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tJ>  (  Iniiii  i  luster  H  Clouds  and  weather 
obseiv  alums  beneath  cluster  B  weic  teporlcd  b\ 
another  research  vessel  (  U.  k<>r»>h>\)  j.U  -24;o. 
Radiosondes  trom  the  ship  and  other  sources  stum  the 
\\  MOM  \  (Winter  Monsoon  I  \pcnmeni  i  mean  and 
0000  (INI  1  1 0  Ikcemhct  soundings  lot  the  ship 

l.K‘-25a  and  25M  I  he  latter  was  obtained  nisi  belore 
cluster  B  <  ,U‘-24bt  rm>\ed  o\ci  the  ship,  and  it  stionuK 
lesembk  the  mean  sounding  Howe\et.  the  two  IV' 
dropw mdsondes  iU'-25c  and  2511  and  (lie  two 
\k  ki>rt>l,i\  soundings  obtained  along  the  track  ul 
the  \  iectra  research  aireralt  between  0M)0  and 
lOOOGMI  t.U'-25d  and  25e)  sampled  a  \er>  old. 
decaung  part  ot  the  stratitorm  region  t>|  cluster  B  In 
other  words,  the  soundings  m  the  deeav mg  stratiform 
region  (  H  -25c  through  25t)  showed  marked  deviation 
trom  the  mam  structure  seen  in  H'-25a  and  25b  I  his 


deviation  was  e\identl\  ptoduced  h\  an  uiisaturalvd 
dowiuiratt  below  the  stratiloini  cloud  base  <>|  Juste: 
B  I  ach  ol  these  soundings  was  ,,  t\pical  Miesoscalc 
dovMuiialt  sounding  (/ipsct .  W**"’i  chara  Jet  i/cd  b\  .i 
low-level  subsidence  in\crsii<n  with  lire  view  point 
deptession  decicasing  w uh  height  up  to  t lie  base  >■!  the 
siiatitorm  cloud.  .ippioMuiateiv  5tt0  mb 
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Important  C  onclusions 

1.  The  dominant  duster  observed  off  the  north 
Borneo  coast  was  initiated  when  a  group  of 
convective  cells  formed  in  response  to  a  land- 
bree/e  convergence  flow  pattern  associated  with 
upper-level  difluence. 

2.  During  the  mature  stage  of  this  cluster,  the 
stratiform  rain  area  became  nearly  surrounded  by 
a  broken  line  of  convective  cells  of  various 
intensity.  The  greatest  concentration  of  intense 
cores  was  maintained  in  a  generally  stationary 
region  on  the  southeast  side  of  the  cluster,  where 
the  land-breeze  convergence  was  located,  while 
convection  on  the  northwest  side  of  the  cluster 
propagated  out  to  sea. 

3.  The  stratiform  precipitation  area  of  the  cluster 
appeared  to  be  formed  and  maintained  by  a 
combination  of  three  processes:  dying  convective 
cells  being  transformed  into  stratiform  structures, 
hydrometeors  being  advected  from  the  tops  of 
active  cells  into  the  stratiform  precipitation 
region,  and  condensation  in  the  mesoscale  updraft 
contributing  to  the  growth  of  hydrometeors 
falling  as  stratiform  rain.  About  46' ;  of  the  total 
precipitation  from  this  cluster  fell  as  strat  form 
rain. 

4.  Other  cloud  clusters  that  occurred  on  this  day 
generally  formed  around  the  periphery  ol  the 
large  land  bree/e-generated  cluster  and  were  of 
smaller  si/e.  Convective  downdraft  outflows 
found  in  the  regions  between  the  old  and  new 
clusters  may  have  been  involved  in  triggering  the 
new  clusters. 
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Tropical  Indian  Ocean 

I  he  tropical  Indian  Ocean  is  characterized  by  the  lamed  northeast 
(winter)  and  southwest  (summer)  monsoon  seasons  with  transitions  in 
the  spring  and  fall  (see  N  I  'AG.  Vol.  5.  Parts  I  and  2). 

The  northeasterly  winds  of  the  Northern  Hemisphere  turn 
counterclockwise  near  the  equator  to  northwesterly  winds  in  a  bufler 
zone  similar  to  that  existing  over  the  tropical  western  Pacific  Ocean.  I  his 
w  ind  regime  does  a  complete  reversal  hy  summer  as  southeasterly  w  inds 
from  the  Southern  Hemisphere  turn  clockwise  to  southwesterly  in  an 
equatorial  buffer  zone. 

A  GOES-Indian  Ocean  image  (4A-la)  shows  an  April  view  of  the 
region.  Dark  streaks  south  of  convergent  cloud  hands  indicate  calm  seas 
and  the  location  of  the  equatorial  trough  on  this  date.  Note  the  extremely 
clear  conditions  over  India  indicating  that  the  southwest  monsoon  has 
not  yet  been  initiated  in  that  region.  It  has  started,  however,  over 
Southeast  Asia  where  abundant  convective  cloudiness  is  evident. 


This  section  includes  a  number  of  examples  of  Indian  Ocean  weather 
as  detected  by  satellite  and  includes  other  interesting  examples  of  other 
effects  including  dust  storm  activity  and  the  detection  of  oil  spills  bv 
satellite. 


4  A* la.  (i()l  S-Indian  Ocean. 
Visible  Imajie. 

0730  (All  ' 

23  April  1^79. 
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Case  1 


Low-level  Jets 

Low-level  jets  with  wind  speeds  concentrated  in  the  lowest  2  km  of  the 
atmosphere  have  been  detected  in  a  number  of  locations.  One  of  the 
earliest  described  was  that  found  in  the  south  to  central  United  States 
extending  from  Texas  to  Nebraska  (Poison,  1958).  Low-level  jets  are  also 
observed  over  the  western  Arabian  Sea  off  Somalia,  the  west  coast  of  the 
United  States,  and  along  the  coast  of  western  Africa. 
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Formation  of  Low  -level  Jets 


Wexler  11961)  explained  the  formation  ot  the  jet  as  a  dynamic  effect 
originating  from  easterly  trade  wind  Mow  being  deflected  antieyelonieally 
northward  into  the  Mississippi  Valley  by  the  high  escarpment  of  Central 
America  and  the  foothills  of  the  Rocky  Mountains.  According  to  the 
potential  vorticity  expression 


Ul- 


constant 


where /is  the  eoriolis  parameter,  f  is  the  relative  \ ort ieit x .  and  D  is  the 
column  thickness,  as  air  moves  northward  in  adiabatic  motion.  / 
increases,  while  D  remains  constant.  I  his  implies  that  the  relative 
vorticity  must  decrease  to  maintain  the  required  constant  ratio. 
Increasing  anticyclonic  vorticity  il  converted  into  anticyclonic  shear, 
implies  a  high  speed  current  at  the  western  boundary  ol  the  (low.  which 
correlates  with  the  observed  position  ot  the  low -level  jet. 

In  the  Indian  Ocean,  a  low-latitude  jet  was  documented  by  I  i nd later 
( 1969).  1  his  jet  requires  the  following  precursors  lor  formation:  ( 1 1  the 
southeast  trades  of  the  Southern  Hemisphere:  (2)  a  strong,  narrow, 
cross-equatorial  How  over  Hast  Africa  and  the  western  edges  of  the 
Indian  Ocean:  and  (2)  the  southwest  monsoon  over  the  Arabian  Sea.  Ihe 
presence  of  these  components  collectively  result  in  the  formation  ol  the 
F.ast-African  or  Somali  jet. 

Since  the  eoriolis  force  is  very  small  at  low  latitudes,  the  vorticity 
theorem  is  inadequate  to  explain  jet  formation  in  near-equatorial 
regions.  Some  other  type  of  forcing  must  be  involved.  Bannon  ( 19X2). 
with  a  numerical  model,  successfully  simulated  known  details  ol  the 
I  ast-Alrican  jet  and  concluded  "that  large-scale  mass,  source-sink 
forcing  present  to  the  east  ol  the  model  geography  drives  the  low-level 
circulation." 


Ihe  source  of  the  jet  was  determined  to  be  southeasterly  trade  wind 
How  from  the  region  east  of  the  Malagasy  Republic  ( Madagascar)  in  the 
Southern  Hemisphere.  Ihe  mountains  ol  last  Africa  act  to  block  this 
flow  and  play  a  crucial  part  in  intensify  ing  the  speed  ol  the  current  Heat 
lows  over  Saudi  Arabia  and  India  act  as  atmospheric  sinks  which  tend  to 
draw  the  How  northeastward  into  India. 


Morthcrlies  associated  with  the  heat  low  over  Saudi  Arabia  appear 
crucial  in  causing  the  separation  ol  the  jet  I  roi  the  coast  ot  Somalia  near 
II  N  Ihe  model  simulated  positions  ol  relative  wind  maxima  and 
minima  which  related  well  to  known  maxima  near  Madagascar,  over 
Zambia  Zimbabwe,  and  oil  the  coast  ol  Somalia  Southwest  monsoon 
winds  over  the  Arabian  Sea  were  also  shown  to  he  notably  stronger  than 
winds  in  the  southeast  trades,  as  is  commonly  observed 

1  ow -level  lets  have  also  been  detected  in  other  regions  ol  the  world, 
most  notably  along  the  west  coast  ol  the  I'nited  States  and  along  the 
coast  ol  western  Africa,  .let  formation  in  these  regions  occurs  commonly 
during  the  summer  period  under  a  normal  situation  of  high  pressure  at 
sea  to  the  west  with  a  thermal  low  inland  N  ort  her  I  v  winds  along  the  coast 
subside  in  their  straight  southward  movement  and  produce  warming  ol 
the  air.  lower  pressure,  and  low  inversion  height  near  the  coast 

I  he  rise  ol  the  inversion  to  the  west  is  often  steep  l  or  example  Brost 
<■/  at.  ( 19X2).  report  that  on  I  2  June  1979,  the  mixed  layer  depth  was  only 
1X0  m  near  shore  in  the  San  t  rancisco  region  but  rose  to  X00  m  at  a 
distance  150  km  out  to  sea.  Ihe  increased  pressure  gradient  below  the 
sloping  inversion  implies  a  sudden  increase  to  higher  wind  speeds  in  the 
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same  region  reaching  values  as  much  as  26  kt  (13  m  sec  ')  going  Irom 
above  the  inversion  to  below  the  inversion.  It  is  the  slope  of  the  inversion, 
therefore,  which  is  thought  to  be  an  important  factor  in  the  development 
of  the  low-level  jet  in  these  regions. 

Finally.  Hsu  (1979)  describes  mesoscale  jets  that  can  form  over  Hat 
coastal  regions  when  the  prevailing  geostrophic  flow  is  less  than  10  12  kt 
(5  6  msec  ')  and  blows  preferably  from  land  to  sea;  when  the  wind 
directional  shear  within  the  boundary  layer  is  less  than  80° ;  and  when  air 
temperatures  over  nearby  waters  are  at  least  5°  C  warmer  than  over  land. 

Under  such  circumstances  a  cold  pool  of  air  may  develop  over  land  at 
night  creating  a  mesoscale  low-level  inversion  below  a  mesoscale 
inversion  at  a  slightly  higher  level.  Jet-like  winds  develop  between  the 
inversion  layers  over  land  as  a  venturi  effect.  Under  conditions  of 
offshore  11  >w  the  jet  is  normally  found  between  100  600  m  and  extends 
from  40  50  km  inland  to  a  few  km  offshore  (see  Sec.  1C.  Case  "’). 

Diurnal  Variations 

It  has  been  noted  that  the  low-level  jet  is  normally  much  weaker  during 
daylight  hours,  and  increases  in  speed  rather  dramatically  at  night.  This 
is  true  of  the  low-level  jet  in  all  locations. 

Blackadar  (1957)  attributed  this  variation  to  an  inertial  oscillation  of 
the  ageostrophic  wind  (such  as  sea  breezes)  at  the  top  of  the  boundary 
layer.  Turbulent  mixing  during  the  daytime  decreases  boundary  layer 
momentum  below  the  geostrophic  value.  This  acts  to  retard  the  wind  at 
that  level.  After  sunset,  cooling  of  the  land  stabilizes  the  atmosphere  so 
that  mixing  no  longer  occurs.  The  ageostrophic  wind  component  at  the 
top  of  the  boundary  layer,  then,  acted  upon  by  conolis  force,  undergoes 
an  inertial  oscillation  as  it  turns  toward  the  geostrophic  wind  direction. 
As  the  geostrophic  and  ageostrophic  winds  become  aligned,  the  wind  at 
the  top  of  the  boundary  layer  accelerates,  normally  becoming  super- 
geostrophic  in  the  process,  thereby  creating  an  important  jet  maximum 
during  the  evening  hours. 

Upwelhng  is  very  intense  along  the  coast  of  Somalia  during  the  period 
ol  the  southwest  monsoon.  The  land  sea  temperature  difference  during 
daylight  hours  can  be  as  much  as  20°  30°  C.  The  strong  sea  breeze, 
which  develops  as  a  result  of  the  temperature  contrast  in  this  region,  acts 
to  retard  the  low-level  jet  during  daylight  hours.  During  night-time  the 
land  sea  temperature  difference  becomes  very  small,  and  the  reverse 
circulation  of  the  land  breeze  begins  to  develop.  Additionally,  because  of 
mountains  in  the  region,  cold  katabatic  winds  develop,  flowing  seaward 
down  the  mountains,  in  the  direction  of  the  land  breeze. 

This  combined  effect  acts  to  accelerate  the  Somali  jet  during  night¬ 
time  hours  leading  to  the  jet  maximum,  which  is  normally  double  the 
strength  observed  during  daylight  hours  (Hsu.  1981). 
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The  Somali  Ixnv- Level  Jet 
Somalia,  East  Africa 
June  1979 


23  June 

The  NMC  surface  streamline  analysis  for 
0000 GMT  (4B-4a)  shows  the  basic  elements  forcing 
the  Somali  low-level  jet.  The  southeast  trades  turn  to 
southwesterly  as  they  cross  the  equator  and  increase  in 
w  ind  speed  as  much  as  45  kt  off  the  coast  of  Somalia, 
and  then  flow  at  somewhat  reduced  speed  toward 
India.  A  closed  circulation  over  the  Persian  Gulf  has 
associated  trough  lines  extending  northeastward  to 
northern  India  and  southwestward  across  Saudi 
Arabia. 

The  FNOC  surface  analysis  for  the  same  time 
<4R-5a)  gives  a  slightly  different  portrayal  of 
conditions,  indicating  a  low-pressure  center  over  the 
southern  Red  Sea  region  and  in  south-central  Saudi 
Arabia.  Northerly  winds  over  Saudi  Arabia  and  the 
Red  Sea  converge  with  strong  southwesterlies  near  the 
southern  Saudi  Arabian  coast. 

The  DMSP  visible  image  acquired  at  0818  GMT 
(4B-6a)  shows  cloudiness  over  the  region. 
Anticyclonic  turning  of  the  southeasterly  trades  is 
clearly  depicted  by  the  curvature  of  cloud  lines  which 
can  be  traced  from  well  south  of  the  equator  to  the 
northern  coastal  area  of  Somalia.  The  fine  nature, 
close  spacing,  and  long  length  of  the  cloud  lines  is 
characteristic  of  high  surface  wind  speed  conditions  as 
verified  in  the  surface  analyses  (4B-4a  and  5a). 

The  sudden  clearing  of  cloud  forms  in  the  region, 
outlined  on  the  DMSP  image  offshore  of  Somalia, 
corresponds  to  the  cold  upwelled  w  ater  which  rings  the 
“prime  eddy,”  a  warm  anticyclonic  ocean  feature 
located  semi-permanently  in  that  position  during  the 
southwest  monsoon  (Findlay.  1866).  Cloud  lines 
disappear  over  the  cold  water  but  reappear  over  the 
warm  prime  eddy  where  the  air  is  again  healed  from 
below 

Note  that  cloudiness  apparently  associated  with  the 
Somali  jet  extends  well  inland.  A  sudden  break  in  this 
cloudiness  occurs  over  Somalia  near  8  5  V  the 
location  of  the  Nogal  Valley,  which  runs  nearly 
perpendicular  to  the  coastline.  Such  a  break  indicates 
strong  downward  motion  ol  the  How  into  •he  valley, 
causing  the  observed  dissipation  of  cloudiness  As 
such  this  clear  /one  is  indicative  of  a  low-level  ict  over 
the  region 

Gardo.  Somalia  (9  5  N.  49  1  F).  is  located  |ust  to 
the  north  ol  the  Nogal  Valley  I  he  R  AOR  from  Gardo 
at  (X155GMI  (0355  i  S 1 .  4B-7b)  suggests  a  thin 
surface  layer  in  which  the  wind  increases  very  rapidly 
from  calm  to  20  kt  (10  msec  )  I  he  temperature 
shows  a  nearly  adiabatic  lapse  rate  in  this  region 
From  100  m  to  about  1 .200  m  an  adiabatic  layer  exo*v 
in  which  the  wind  speed  increases  steadily  from  20  kt 
to  60  kt  (10  30  m  sec  ’)  I  his  is  the  peak  speed  of  the 
Somali  iet  1  he  lapse  rate  stabilizes  in  this  regional  the 
base  of  an  inversion  which  extends  from  about  1.200 
to  1,700  m  The  dew  point  decreases  fairly  rapidly 
from  near  the  top  of  the  inversion  as  the  temperature 
lapse  rate  again  returns  to  adiabatic  Wind  direction 
veers  from  southwest  and  west  below  the  inversion 
layer  to  northwest  and  north  above  this  layer. 


During  the  day.  the  surface  layer  (4B-7c)  behaves 
superadiabatically;  with  about  20-30  kt  (10- 
15  ms1)  wind  speed,  a  condition  which  exists  only 
between  the  surface  and  100  m.  Above  this  height,  an 
adiabatic  layer  with  steady  wind  speeds  of  30-40  kt 
(15-20  m  sec1)  prevails  up  to  1,500  m,  and  a 
subsidence  inversion  is  located  from  1.5  to  about 
2.0  km.  Above  2  km,  adiabatic  conditions  again 
prevail.  These  features  imply  a  four-level  structure 
characteristic  of  the  atmosphere  over  Somalia  in  the 
region  of  the  jet.  Note  that  the  wind  blows  from 
southwest  to  west  below  the  inversion  layer.  Wind 
speed  shear  is  largest  in  the  surface  layer.  Above  the 
inversion  layer,  wind  speed  decreases  to  less  than  20  kt 
(10  m  sec1)-  If  can  be  seen  that  the  jet  effect  is  much 
reduced  during  daylight  hours.  Note  that  vertical 
mixing  has  tended  to  sharpen  the  inversion,  which 
appears  much  more  pronounced  in  comparison  to  the 
sounding  acquired  during  night-time  hours  (4B-7b). 

The  DMSP  visible  image  of  the  region  on  the 
following  day  (4B-7a)  shows  virtually  identical 
conditions  to  the  preceding  day  (4B-6a).  Note  in 
particular  the  clear  slot  over  the  Nogal  Valley  and  the 
clear  region  offshore  of  Somalia  outlining  the 
upwelled  water  surrounding  the  prime  eddy.  These 
conditions  imply  strong  southwesterly  flow  at  low- 
levels  across  Somalia  and  the  adjacent  coastal  region. 
Ship  reports  (4B-7a)  over  the  western  Arabian  Sea 
show  30  40  kt  southwest  winds  that  confirm  the 
presence  of  strong  southwest  monsoon  flow  on  this 
date. 

Important  Conclusions 

1.  The  East-African  or  Somali  jet  has  a  low-level 
wind  maximum  at  the  base  of  an  inversion 
generally  below  1,500  m  over  Somalia. 

2.  The  Somali  jet’s  existence  can  easny  be  inferred 
from  satellite  data  by  tracing  cloud  lines  turning 
anticyclonically  over  the  Arabian  Sea  off  the  coast 
of  Somalia  and  noting  the  distinct  clear  slot 
formed  over  land  by  the  evaporation  of  clouds  in 
downslope  motion  from  the  southwest  over  the 
Niigal  Valley. 

3.  Soundings  over  Somalia  during  the  occurrence  ol 
Somali  jet  conditions  reflect  a  distinct  four  level 
structure:  surface,  adiabatic,  inversion,  and  again 
adiabatic.  I  he  Somali  jet  lies  near  the  base  of  the 
inversion. 

4  (Old  upwelled  water  tiff  the  coast  of  Somalia  and 
the  position  of  the  prime  eddy  are  clearly  shown  in 
satellite  daytime  DMSP  visible  images  by  the 
absence  of  clouds  over  the  cold  water  and  the 
quick  return  to  abundant  cloudiness  over  the 
warm  waters  ol  the  prime  eddy 
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Detri  tion  of  Surface  Ridge  Lines 
in  Infrared  Imagery 

l>  ■  •  i  ,i'  Mafsi;  tmougheuils  \pnl  each  sear  t  he  Indian  Ocean  is  in 

■  -  me  • :  .Hi'.!  mu  it  mu  the  .li  \  northeast  monsoon  (sr  inter)  to  the  wet 

■  si  monsoon  isimunei  i  Areas  ot  hi  eh  pressure  slowls  transit  the 

\r. iht.ru  Sea  during  this  period  I  he  loeation  and  progress  of 
”s  "  elis  v  an  he  loi  lowed  in  ml  rated  imagers  .  Sinee  theeentral  regions  ot 
•v  '  en  piessme  s\ stents  ha\e  light  surlaee  winds,  there  is  a  minimum 
1  r.anaa:  unsure  m  the  surlaee  lasers  ol  the  oeeati.  I  he  surlaee 
a.r.is  thetetore.  w ill  warm  rapidly  during  dastime  insolation  and 
•H.ome  "hot"  aieas  that  e.in  he  detected  in  dastime  infrared  imagery. 
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Surface  Ridge  Line 
Arabian  Sea 
April  mi) 


I  April 

The  NOAA-6  mid -infrared  image  from  Channel  3 
(3.55  3.93  /am)  in  the  late  afternoon  (1506  CM  I . 
1906  I.SI;  4B-J06)  displays  a  prominent  elongated 
dark  tone  area  (warm  temperatures)  between  16  to 
18°  N  and  58  to  62  E.  A  surface  analysis  at 
1200 GMT  (4B-I0a).  about  3  hr  prior  to  the  satellite 
image,  shows  a  ridge  of  high  pressure  that  extends 
from  the  Gulf  of  Aden  eastward  over  the  Arabian  Sea 
Note  that  the  central  region  of  the  high  and  the  dark 
tone  area  on  the  satellite  image  coincide.  The  light 
surface  winds  in  the  vicinity  of  the  high  pressure  ridge 
axis  has  allowed  the  afternoon  insolation  to  heat  the 
surface  as  much  as  I  or  2  C  and  the  satellite  image 
clearly  depicts  this  warming. 

Also  appearing  are  cool.  thin,  curled  lines  adding  to 
the  appearance  ol  the  surface  signature.  I  hose  curled 
lines  are  associated  with  surface  slicks  Cnder  light 
winds,  areas  of  alternating  slick  and  wavelets  w  rap  and 
bend  to  conform  to  the  dvnamic  flow  ol  the  upper 
layers  of  the  sea.  I  Ins  signature  coupled  with  surface 
warming  will  often  obscure  the  normal  sea  surface 
temperature  signature.  I  ddx  location  and  sea  surface 
temperature  boundarv  analvsis  becomes  more 
difficult  under  such  conditions  In  this  example 
(4B- 1  Ob),  numerous  surface  slicks  ate  ptesent. 
however,  thev  do  not  mask  the  warm  sea  surface 
temperatures  which  denote  the  location  ol  the  suiface 
ridge  line. 

During  the  spring  of  1984.  the  crew  of  the  I  S 
Shuttle  Flight  SI'S- 1  3  photographed  a  verv  complex 
oceanic  surface  slick  pattern  (4R-llai  I  he  slicks 
appear  as  narrow  daik  streaks  I  lie  surface  winds  are 
light  in  this  mid-ocean  photograph  I  he  lighter  areas 
between  the  slicks  are  where  the  water  isdisturbeil  bv 
wavelets.  I  he  surface  slick  pattern  occurs  in  a  region 
of  sunglmt.  which  is  brightest  in  the  upper-right 
portion  ol  the  image  (slick  pattern  is  obscured  bv 
sunglmt):  the  sunglmt  decreases  in  brightness  toward 
the  lower-left  portion  where  the  slick  detail  is 
enhanced  bv  the  lighter  areas  between  slicks  due  to 
sunglmt  from  wavelets. 

Important  ( inclusions 

1  Surface  ridge  lines  can  be  located  m  davtinic 
infrared  as  well  as  m  visible  imagerv.  from  warm 
temperature  areas  associated  with  calm  or  light 
wind  areas  along  ridge  lines 

2  Surface  slicks  which  are  most  prominent  in  calm 
areas,  it  numerous  m  number,  can  mask  the  warm 
sea  surface  temperatures  used  to  locate  surface 
ridge  lines. 


Case  1  Detection  of  Sea  Breeze  Offshore 
Subsidence  Regions  in  Daytime 
Infrared  Imagery 

During  the  monsoon  spring  transition  over  the  Persian  Gulf,  the  land 
areas  heat  up  more  rapidly  than  the  adjacent  waters  of  the  gulf.  This 
discontinuity  coupled  with  a  weak  pressure  gradient  is  conducive  for 
local  afternoon  sea  breeze  development  along  the  coastal  regions.  The 
offshore  subsidence  areas  associated  with  the  sea  breeze  circulation 
(4C-la)  are  often  detectable  in  daytime  infrared  imagery  by  the 
appearance  of  a  /one  of  warmer  temperatures  offshore. 
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Sea  Breeze 
Persian  GulJ 
March  1983 


29  March 

|  he  surface  analysis  (4C-2a)  shows  a  flat  high- 
pressure  system  covering  most  of  the  desert  regions  ol 
Iran,  with' weak  ridging  through  the  Persian  Ciulf  into 
the  eastern  portions  of  the  Arabian  Peninsula.  A  weak 
surface  trough  extends  from  the  southeast  portions  ol 
the  Arabian  Peninsula  across  the  Ciulf  of  Oman  and 
into  Iran. 

AVHRR  imagery  from  the  NOAA-7  spacecraft 
were  collected  in  the  afternoon  I  he  large-scale 
unenhanced  Channel  2  (0.725  1 . 10  am)  visible  image 
(sampled  only  every  four  pixels;  4C-2b)  shows  what 
appears  t>  he  a  cloud-lree  view  of  the  northern  Persian 
Ciulf.  However,  an  enlarged  and  enhanced  full- 
resolution  view  of  the  area  (C  hannel  2  visible;  4C-3a) 
shows  aerosol  and  cloud  details  not  apparent  in  the 
first  image  Of  particular  interest  are  smoke  plumes 
emanating  from  burning  oil  wells  in  the  northern 
portion  of  the  Ciulf.  The  smoke  originates  in  a  light 
northwest  surface  wind  as  indicated  by  the  smoke 
tracers  As  the  smoke  approaches  the  eastern  shore, 
the  wind  is  light  and  variable,  with  a  slight  northward 
component,  where  a  sea  bree/e  circulation  is 
occurring  Fvidcncc  of  the  sea  hree/e  circulation  is 
apparent  on  (he  corresponding  infrared  image 
(4C'-fb)  Solar  insolation  has  heated  the  surface  water 
I  to  2  C  due  to  little  or  no  wind,  and  the  sea  bree/e 
subsidence  /one  parallels  the  coast 
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4C-Ja  Enlarged  View  NOAA-7  Channel  2  Enhanced  Full-Resolution  Visible  Image 
1 1 14  (,M  I  29  March  I9K3. 


4C  -lh  In  larged  View  NOAA-7  Channel  4  Intrared  Image  1114  GMT  29  March  I9X.V 
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Case  2  Fog  Formation  over 

Cold  Upwel/ed  Coastal  Waters 

During  the  period  from  late  May  through  the  middle  ol  Septembei  ot 
each  year,  the  southwest  monsoonal  How  is  lulls  developed  oxer  the 
northern  Indian  Ocean.  I  pwelling  occurs  in  several  areas  along  the 
Arabian  Peninsula,  due  to  the  prolonged  southwest  flow  parallel  to  the 
coast,  bog.  low  stratus,  and  occasional  drizzle  formation  •  n  the  warm, 
moist  monsoon  air  are  not  an  uncommon  occurrence  in  the  coastal 
region.  Shallow,  low-level  convergence  ( -1C  -5a »  can  enhance  tog 
formation  over  the  cold  coastal  water,  while  warm,  drv  air  alolt  tends  to 
cap  the  moisture  under  a  strong  low -lev  cl  inversion  |4C  '-5  b  i  ( )nce  the  log 
and  stratus  have  developed,  they  can  persist  in  the  same  general  area  lor 
an  extended  time  period. 


GRADIENT  WIND 
SURFACE  WIND 


ARABIAN  COAST 


41  -Si  Coastal  vs mil  convergence  pattern  41  >h  t  apping  inversion  over  coastal  log  i ecu 
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6b  in  larged  View.  NIMBI  S-7.  C/CS  Channel  5  lar  Red  Image  0744  (iMI  M  .Ink  l^SI 
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Coastal  Coy, 

Arabian  Peninsula  Southern  Coast 
Jul\  and  August  l  VS  I 

31  July  and  2  August 

In  the  NIMBI  S-7  C'Zt'S  Channel  5  (0.7  O  S  pm) 
tar  red  image  at  0744  CM  I  (4C-fta).  an  isolated  laser 
ol  clouds  is  observed  along  the  coastal  region  bet  ween 
Yemen  and  Oman.  1  he  enlarged  view  ol  this  area 
(4C-bb)  reveals  that  the  cloudiness  has  the 
characteristic  appearance  ol  coastal  log  and  stratus. 
The  surface  analysis  (4C-7a)  shows  strong,  southwest 
monsoon  wind  How  (generally  25  40  kt)  parallel  to  the 
Arabian  Peninsula.  Note  that  intermittent  light  drizzle 
is  being  reported  at  Mirbut.  Gravity  waves  in  the 
offshore  stratus  (4C-6b)  indicate  that  there  is  a  strong, 
low-level  temperature  inversion  over  the  coastal 
region.  I  he  log  and  low  stratus  appear  below  the 
inversion,  where  the  air  is  warm  and  very  moist. 

The  NOAA-6  Channel  4  (10.3  1 1.3  pm)  tnlrared 
image  two  days  later  (4C-7b)  indicates  some  log  and 
stratus  in  the  same  general  area.  1  he  log  and  stratus 
have  persisted  lor  two  days  and  appear  to  overlie  a 
region  ol  cold  upwelled  water,  partially  visible  on 
either  side  ol  the  log  as  a  slightly  darker  grav  shade 
tone. 

Important  C  onclusions 

1.  During  the  southwest  monsoon,  cold  watei 
upwclls  near  the  capes  which  protrude  trotn  the 
Arabian  coast  line 

2.  hog  and  stratus  that  develop  in  the  warm,  moist 
tropical  air  advected  over  the  cold  coastal  water 
can  persist  lor  several  days. 
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Case  3  Island  Barrier  Effects 

For  the  interpreter  of  satellite  imagery  island  barrier  effects  offer 
useful  clues  concerning  inversion  height,  low-level  wind  direction, 
strength  of  flow,  mesoscale  changes  in  low-level  humidity  and  changes  in 
sea  state  (see  NTAG,  Vol.  I .  Sec.  2C).  Operational  use  can  often  be  made 
of  such  information  in  mesoscale  analysis  and  in  positioning  ships  for  an 
optimum  operating  environment. 
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Island  Burner  Effects  Revealed  by  Sung  lint  Patterns 
Socotra  Island  Eastern  Arabian  Sea 
June  1979  and  June  1983 


4  June  1979 

The  southwest  monsoon  started  late  in  1979.  with 
onset  occurring  around  II  June  The  DMSP  \isible 
image  (4C'-I0a).  a  week  earlier,  was  acquired  during 
conditions  of  light  southwesterly  winds  over  Somalia. 
Socotra  Island,  and  the  southern  coast  of  Saudi 
Arabia,  l  and  bree/e  effects  are  revealed  by  the  cloud 
line  with  convective  huild-ups  oft  the  Somalia  coast. 
This  cloud  line,  developing  here  under  generally  weak 
mid-morning  synoptic  How  (1021  I  SD.  does  not 
occur  once  the  southwest  monsoon  becomes 
established. 

An  enlargement  of  the  Socotra  Island  region 
la)  shows  that  Socotra  is  on  the  west  edge  ol  a 
sunglint  pattern  and  is  exhibiting  lee  effects  on  the 
north  side  indicating  southerly  low-level  How  past  the 
island.  A  dark  pattern  C  on  the  edge  ol  sunglint 
indicates  calm  seas  while  a  brighter  pattern  R  indicates 
rougher  seas.  It  can  be  seen  that  calmer  regions  extend 
from  sections  of  the  north  coast  of  Socotra  northward 
toward  a  mesoscale  cloud  eddy,  apparently  formed 
due  to  turbulent  effects  of  flow  past  the  island 

A  map  of  Socotra  (4('-IJc)  shows  high  terrain 
features  which  could  cause  such  blocking  effects  In 
the  DMSP  visible  image  (4C  -  I  la),  note  that  the  bay 
area  (Cihuhhat  Kharmah)  has  a  lighter  gray  shade  tone 
and  therefore  rougher  seas  than  the  surrounding  areas. 
I  he  map  (401  Ic)  shows  a  valley  leading  from  the 
south  side  of  the  island  to  this  hay  w  hich  could  afford  a 
channel  for  slightly  stronger  w  inds  to  exit  into  the  bay 
and  cause  the  noted  rougher  effects. 

Ihe  DMSP  infrared  image  (401  lb),  acquired 
simultaneously  with  the  visible  image,  is  especially 
interesting  in  that  it  reveals  warmer  temperatures 
(dark  tone)  downstream  in  a  swath  conlorrmng  to  the 
exact  dimensions  ol  the  island's  width  I  he  IR  sensor 
lor  f- light  lest  Vehicle.  I  -I.  which  acquired  these 
data,  was  responsive  to  radiation  in  a  broad  hand 
extending  Irom  X  to  13  jim.  Ihis  bandwidth  is  very 
susceptible  to  water  vapor  absorption  In  a  typical 
tropical  atmosphere,  over  50'/  ol  the  outgoing 
radiation  is  absorbed  hv  water  vapor  in  the 
atmosphere  and  retransmitted  at  a  cooler 
temperature  Under  low -level  inversion  conditions, 
with  dear  skies  above,  most  ol  the  water  vapor  in  the 
atmosphere  is  trapped  below  the  inversion  Air 
flowing  over  an  island  barrier,  in  such  conditions,  is 
healed  by  the  island  and  mixed  in  a  turbulent  fashion 
bs  bringing  warmer  air  from  above  the  inversion  down 
into  the  boundary  layer  I  rider  such  circumstances 
water  vapor  in  the  lee  of  the  island  would  re-radiate  at 
a  much  warmer  temperature  than  the  surrounding 
unmtxed  and  unhealed  air  It  is  suggested  that  this  is 
the  cause  lor  the  lee  pattern  observed 

1.3  June  198.3 

A  different  perspective  of  barrier  effects  in  the  lee  of 
Socotra  is  provided  hv  Coastal  /one  Color  Scanner 
(C/CN)  data  Ihe  NIMBUS-7  C/CS  Channel  5 
<0.7  O  X^rn)  tar  red  image  (4C-I2a)  shows  an 
unenhanced  large-scale  view  ol  the  region  Note  that 
Socotra  in  this  view  is  on  the  east  side  of  a  sungltnf 


pattern.  L.ee  effects  past  Socotra  are  faintly 
discernable  in  this  image. 

An  enlargement  of  the  Socotra  Island  region  from 
the  CZCS  Channel  1  (0.433-0.453  qm)  blue-spectrum 
image  (4C- !  2b)  shows  detailed  effects  which  should  be 
compared  to  the  DMSP  visible  depiction  (4C- 1  la).  In 
this  CZCS  image,  sun  angles  have  changed  so  that 
rough  ocean  areas  appear  dark  (in  sunglint)  while  calm 
areas  appear  Night.  Note  that  the  image  still 
consistently  indicates  a  rougher  area  (dark  tones)  in 
the  bay  of  Ghubbat  Kharmah  and  calm  seas  (light 
tones)  bounding  this  region  and  extending  well  down 
stream.  The  surface  analysis  (4C-1 3a)  indicates  strong 
southwesterly  flow  across  Socotra  Island.  Arc  clouds 
or  aerosols  appearing  upwind  of  the  Brothers  Islands 
and  Socotra  Island  (4C-12H)  indicate  a  strong,  island 
blocking  effect  due  to  a  very  low  inversion  on  this  date. 
Unfortunately  no  nearby  RAOBs  are  available  to 
verify  this  condition. 

Ihe  NIMBUS-7  CZCS  Channel  6(10.5  12.5  urn) 
infrared  image  (40  13b/ displays  some  very  subtle  but 
important  effects.  Note  the  faint  tendency  tor  warmer 
temperatures  in  the  lee  of  each  of  the  islands.  T  his  is 
not  as  decisive  as  in  the  similar  DMSP  infrared  image 
(4C-I  lb),  since  the  CZCS  channel  is  less  susceptive  to 
water  vapor  absorption. 

On  Socotra  Island,  two  thin  warm  (dark  tone) 
streaks  extend  irom  the  north  coast  ol  the  island  I  he 
easternmost  streak  appears  almost  aligned  with  a 
5.021  tt  mountain  and  the  westernmost  streak  extends 
Irom  a  1.470  ft  mountain  on  the  northwest  coast 
(4C-1  Ic).  Note  that  the  infrared  streaks  coincide  with 
highest  reflectivity  hands  emanating  along  the  north 
coast  in  the  visible  image  (4C-lla).  indicating 
especially  calm  seas.  It  is  believed  that  the  added 
lurhuJent  effect  or  heated  effect  ol  air  flowing  down 
and  in  the  lee  of  these  mountains  results  in  especially 
warm  air  that  stabilizes  the  lapse  rate  in  a  narrow  line 
extending  from  these  features.  I  he  added  stability 
prevents  strong  winds  Irom  aloft  in  reaching  the 
surface  and  insures  calm  seas  confined  to  the  narrow 
lines  in  the  inirared  image. 

Deardorll  (I97P)  first  discussed  this  possible 
explanation  tor  island  wind  shadows  referring  to  them 
as  “thermal-stability**  patterns  He  referred  to 
dillusion  studies  by  Raynor  etui  ( 1974).  who  showed 
that  a  smoke  plume  "showed  virtually  no  lateral 
spread  (over  4  km)  when  the  air  was  l  2  K 
warmer  than  the  sea  "  As  indicated  hv  Deardorll.  “the 
great  persistence  of  the  wind  shadow  seems  due  to  the 
associated  stable  strati! i'>alion  that  both  protects  the 
plume  Irom  significant  lateral  mixing  and 
rmcromctcorologically  causes  weak  winds  at  small 
heights  " 
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Case  4  Detection  of  Oil  Spills  in  Sunglint 


The  areal  extent  of  oil  spills  from  damaged  offshore  oil  fields  can  he 
detected  and  tracked  in  satellite  imagery  when  sunglint  is  present.  I  he 
reason  for  this  is  that  surface  tension  effects  ol  oil  act  to  significantly 
dampen  sea  state  structure.  Under  such  conditions  sunglint  will  he 
reflected  strongly  from  the  oil  slick  pattern  and  appear  as  either  bright  or 
dark  streaks  or  patches  in  satellite  visible  imagery,  depending  upon 
satellite  verses  sun  angle  perspective. 

Attempts  to  detect  oil  slicks  in  satellite  inlrared  imagery  have  largely 
failed  despite  laboratory  experiments  which  indicate  that  oil  slicks  are 
warmed  as  much  as  I0J  IK  C  more  than  the  surrounding  water,  under 
clear  sky.  daylight  conditions  (see  VI  ACi.  Vof  2.  Sec  If  .  Case  5)  I  he 
reason  for  this  appears  to  he  that  the  much  lower  emissivity  ol  oil.  as 
compared  to  water,  acts  to  dimmish  the  oil  water  temperature  difference 
as  sensed  by  satellite  infrared  sensors,  which  inhibits  the  detection  ol  oil 
slicks  in  infrared  imagery 


4C-I5 


Damaged  Oil  f  ields 
Persian  (iulf 
June  m3 


19  June 

Damaged  oil  fields  were  reported  in  the  northern 
Persian  Gull  The  NIMBI  S-7  CZC’S  Channel  5 
(0.7  0.8  /*m)  far  red  image  (4C-  16b)  does  not  show  an\ 
trace  of  the  oil  spills  from  the  damaged  oil  fields.  A 
sunglint  envelope  appears  along  the  northeastern 
coastal  waters  and  the  east-central  Persian  Gulf.  The 
surface  analysis  (4C'-I6a)  indicates  that  a  moderate 
northwesterly  surface  wind  pattern  prevails  over  most 
of  the  Persian  Gulf,  with  light'and  variable  winds  near 
the  northeast  coast  in  the  vicinity  of  the  trough  w  hich 
lies  along  the  Iranian  coastline. 

In  the  NIMBUS-7  CZCS  Channel  I  (0.433 
0.453  pm)  blue-spectrum  image  (4C-I7a),  the 
alternating  dark  and  bright  patterns  are  located  in  the 
sunglint  along  the  northeast  coastal  waters  of  the 
Persian  Gulf.  The  bright  squiggly  lines  in  the  outlined 
area  are  oil  slicks  which  have  propagated  from  the 
damaged  oil  well  area.  Dark  tones  near  the  Iranian 
coast  indicate  calm  sea  regions,  some  of  which  may 
also  be  due  to  oil  slick  effects.  The  oil  is  made 
discernable  by  reflection  of  the  sun's  rays  from  the 
slicks-  the  water  surface  is  very  smooth  in  the  slicks. 
Wind  waves  in  the  water  between  the  oil  slicks  results 
in  the  diffused  reflection.  The  dark  V-shapcd  streak 
west  of  the  oil  slick  pattern  is  smoke  from  a  damaged 
oil  well  that  widens  and  dissipates  as  it  spreads  in  the 
divergent  surface  winds.  Oil  visible  near  the  edge  of  the 
smoke  curls  under  the  smoke  (4C-l7a  and  1 7b). 

Pictures  taken  from  the  space  shuttle  show  the 
smoke  to  appear  black  when  photographed  in  the 
visible  spectrum.  The  variability  in  surface  Persian 
Gulf  waters  coupled  with  the  variability  in  the  surface 
winds  have  created  the  complex  downstream  signature 
in  the  oil  that  remains  at  the  surface.  As  the  oil  is 
dispersed  and  sinks,  the  more  or  less  continuous 
concentrations  of  oil  become  less  obvious  and  more 
detached  downstream. 

Important  Conclusion 

The  surface  environment  (wind  and  stability)  and 
the  presence  of  sunglint  determine  whether  oil  on 
the  surface  of  a  body  of  water  can  be  detected  in 
satellite  imagery. 
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Case  5  Differentiation  of  Phenomena  of 

Atmospheric  Origin  from  Oceanographic 
Origin  in  Satellite  Imagery 

In  1  andsat  (formerly  tailed  IRIS)  imager) .  atmospheric  phenomena 
can  generally  be  differentiated  from  oceanographic  phenomena  due  to 
their  simultaneous  appearance  in  all  tour  channels  in  the  spectrum  from 
0.5  to  l.l  /am.  Oceanographic  phenomena  (underwater  sediment  and 
shallow  water  features)  are  best  delineated  by  Channels  4  (0.5  0.6 /anil 
and  5  10.6  0.7  pm)  respectively 
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30  June 

IRIS-!  imagerv  in  (.'haunch  4  \  tv  am] 
covering  (he  Sinai  Peninsula  ami  (he  non  hem  Red 
Sea.  are  shown  in  4C-20a  through  41  2lh. 
respective!).  A  most  obvious  difference  between  these 
various  depictions  is  the  indication  of  turbid  and  or 
shallow  water  around  the  coastal  island  aicas  ■  hev 
arc  most  evident  in  the  Channel  4  depiction  (4(  Ooai. 
and  almost  totallv  lacking  in  the  Channel  "  response 
(4C-2lb)  However,  the  light  grav  shade  that  covets 
the  southwest  sectot  *>t  the  Channel  4  image  o  aNu 
evident  in  Channel7,  although  t educed  m  brightness 
and  area.  I  he  light  grav  shade  is.  therefore.  of 
atmospheric  origin. 

I  he  D.V1SP  visible  image  (4C-22u)  was  acquired 
about  2  hr  after  the  I  R1S-I  imagerv  \  surface  report 
at  Port  Sudan  (4(  -22a)  shows  an  obscured  ceiling  in  a 
plume  of  blowing  sand  and  dust  extending  trom  I  g\ pt 
over  the  Red  Sea  A  laintet  plume  of  dust  is  also 
indicated  over  the  northern  Red  Sea  On  the 
enlargement  of  this  area  (4C-24ul.  a  surface  report 
(  Aswan)  in  the  interior  ot  I  gv  pi  indicates  dust  or  sand 
raised  bv  wind  at  the  time  of  observation  Note  that 
this  light  tone  grav  •  hade  idiisi  \  was  also  \  icwed  in  the 
I  RIS-J  imagerv  » light  tone  areas  in  the  southeast 
sectors  of  4C-20a.  20b.  2  la.  and  2 1  hi 

\  reasonable  conclusion  is.  therefore,  that  the  light 
grav  shades  in  the  1  R  IS-1  imagerv  indicate  blowing 
sand  and  dust  extending  over  the  northern  Red  Sea. 
I  heir  extension  eastward  against  northeaster))  low- 
level  How  (41  - 2 i  implies  that  the  sand  or  dust 
extends  to  a  higher  level,  where  winds  of  necessity 
must  have  a  wester Iv  component  Sik  h  an  extension  is 
not  unusual  since  strong  dust  slot  ms  have  been 
reported  b\  aircraft  to  have  a  vertical  extent  reaching 
20. (MM)  It  and  higher  Verification  tor  this  example  is 
shown  in  the  \M(  ^(M)-mh  analvsjs  i4C-2Jh).  which 
reveals  the  southward  extension  of  an  upper-level 
trough  over  the  Red  Sea 
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